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DATA HANDBOOK SYSTEM 


Our Data Handbook System comprises more than 60 books with specifications on electronic compo- 
nents, subassemblies and materials. It is made up of four series of handbooks: 


ELECTRON TUBES BLUE 
SEMICONDUCTORS RED 
INTEGRATED CIRCUITS PURPLE 
COMPONENTS AND MATERIALS GREEN 


The contents of each series are listed on pages iv to vill. 


The data handbooks contain all pertinent data available at the time of publication, and each is revised 
and reissued periodically. 


When ratings or specifications differ from those published in the preceding edition they are indicated 
with arrows in the page margin. Where application information is given it is advisory and does not 
form part of the product specification. 


Condensed data on the preferred products of Philips Electronic Components and Materials Division is 
given in our Preferred Type Range catalogue (issued annually). 


Information on current Data Handbooks and on how to obtain a subscription for future issues Is 
available from any of the Organizations listed on the back cover. 
Product specialists are at your service and enquiries will be answered promptly. 
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ELECTRON TUBES (BLUE SERIES) 


The blue series of data handbooks comprises: 


T1 
T2a 
T2b 
T3 
T4 


T5 


T6 


T8 


T9 
T10 


T11 


Ti2 


T13 
T15 


T16 


iv 


October 1985 


Tubes for r.f. heating 

Transmitting tubes for communications, glass types 
Transmitting tubes for communications, ceramic types 
Klystrons 

Magnetrons for microwave heating 


Cathode-ray tubes De 
Instrument tubes, monitor and display tubes, C.R. tubes for special applications 


Geiger-Miiller tubes 


Colour display systems 
Colour TV picture tubes, colour data graphic display tube assemblies, deflection units 


Photo and electron multipliers 

Plumbicon camera tubes and accessories 
Microwave semiconductors and components 
Vidicon and Newvicon camera tubes 

Image intensifiers and infrared detectors 
Dry reed switches 


Monochrome tubes and deflection units | 
Black and white TV picture tubes, monochrome data graphic display tubes, deflection units 


SEMICONDUCTORS (RED SERIES) 


The red series of data handbooks comprises: 


S1 


S2a 


S2b 


$3 


S4a 


S4b 


$5 


S6 


$7 


S8a 


S8b 


S9 


S10 


$11 


$12 


$13 


Diod 

ernie silicon diodes, voltage regulator diodes (< 1,5 W), voltage reference diodes, 
tuner diodes, rectifier diodes 

Power diodes 

Thyristors and triacs 

Small-signal transistors 

Low-frequency power transistors and hybrid modules 

High-voltage and switching power transistors 

Field-effect transistors 

R.F. power transistors and modules 

Surface mounted semiconductors 

Light-emitting diodes 

Devices for optoelectronics 

Optocouplers, photosensitive diodes and transistors, infrared light-emitting diodes and 
infrared sensitive devices, laser and fibre-optic components 

Power MOS transistors 

Wideband transistors and wideband hybrid {C modules 

Microwave transistors 


Surface acoustic wave devices 


Semiconductor sensors 
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INTEGRATED CIRCUITS (PURPLE SERIES) 


The NEW SERIES of handbooks is now completed. With effect from the publication date of this 


handbook the ‘’N”’ in the handbook code number will be deleted. 


Handbooks to be replaced during 1986 are shown below. 


The purple series of handbooks comprises: 


iCO1 


ICO2a/b 


ICO3 


ICc04 


ICOSN 


ICO6N 


iCO08 


ICOON 
IC10 


IC11N 


Supplement 


to IC11N 
IC12 
1C13 


IC14N 


C15 


1C16 
IC17 
IC18 | 


Radio, audio and associated systems 
Bipolar, MOS 


Video and associated systems 
Bipolar, MOS 


Integrated circuits for telephony 
Bipolar, MOS 


HE4000B logic family 
CMOS 


HE4000B logic family — uncased ICs 
CMOS 


High-speed CMOS; PC74HC/HCT/HCU 
Logic family | 


ECL 10K and 100K logic families 


TTL logic series 


Memories 
MOS, TTL, ECL 


Linear LSI 
Linear LSI 


1?C-bus compatible ICs 


Semi-custom 
Programmable Logic Devices (PLD) 


Microprocessors, microcontrollers and peripherals 
Bipolar, MOS 


FAST TTL logic series 


CMOS integrated circuits for clocks and watches 
Integrated Services Digital Networks (ISDN) 


Microprocessors and peripherals 


new issue 1986 
ICOIN 1985 


new issue 1986 
ICO2Na/b 1985 


new issue 1986 
ICO3SN 1985 


new issue 1986 
IC4 1983 


published 1984 


published 1986 


New issue 1986 
ICO8N 1984 


published 1986 


new issue 1986 
IC7 1982 


published 1985 


published 1986 


not yet issued 


new issue 1986 
IC13N 1985 


published 1985 


new issue 1986 
IC15N 1985 


first issue 1986 
not yet issued 


new issue 1986* 


* The Microprocessors were included in handbook IC14N 1985, so [C18 will replace that part of 


IC14N. 
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COMPONENTS AND MATERIALS (GREEN SERIES) 


The green series of data handbooks comprises: 


C2 Television tuners, coaxial aerial input assemblies, surface acoustic wave filters 


C3 Loudspeakers 


C4 Ferroxcube potcores, square cores and cross cores 
C5 Ferroxcube for power, audio/video and accelerators 
C6 Synchronous motors and gearboxes 

C7 Variable capacitors 

C8 Variable mains transformers 

C9 Piezoelectric quartz devices 


C11 Varistors, thermistors and sensors 


C12 Potentiometers, encoders and switches 
C13 ‘Fixed resistors 

C14 __ Electrolytic and solid capacitors 

C15 Ceramic capacitors 

C16 Permanent magnet materials 

C17 Stepping motors and associated electronics 
C18 Direct current motors 

C19 Piezoelectric ceramics 


C20 #Wire-wound components for TVs and monitors 


C22 ‘Film capacitors 
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SELECTION GUIDE 


Functional index 
Numerical index 


Maintenance type list 


NAND gates 


AND gates 


NOR gates 


OR gates 


Inverters and buffers 


Complex gates 


Fiip-flops 


Counters 


HEF4011B 
HEF4011UB 
HEF4012B 
HEF4023B 
HEF4068B 


HEF4C073B 
HEF4081B 
HEF4082B 


HEF4000B 
HEF4001B 
HEF4001UB 
HEF4002B 
He F4025B 
HEF4078B 


HEF4071B 
HEF4072B 
HEF4075B 


HEF4007UB 
HEF4041B 
HEF4049B 
HEF4050B 
HE F4069UB 
HEF 4502B 
HEF40097B 
HEF40098B 


HEF4Q30B 
HEF4070B 
HEF 4077B 
HEF4085B 
HEF 4086B 


HEF4013B 
HEF4027B 
HEF4076B 
HEF40174B 
HEF40175B 


HEF4017B 
HEF4018B 
HEF4020B 
HEF4022B 
HEF4024B 
HEF4029B 


HEF4040B 


quadruple 2-input NAND gate 

quadruple 2-input NAND gate; unbuffered 
dual 4-input NAND gate 

triple 3-input NAND gate 

8-input NAND gate 


triple 3-input AND gate 
quadruple 2-input AND gate 
dual 4-input AND gate 


dual 3-input NOR gate and inverter 
quadruple 2-input NOR gate 

quadruple 2-input NOR gate; unbuffered 
dual 4-input NOR gate 

triple 3-input NOR gate 

8-input NOR gate 


quadruple 2-input OR gate 
dual 4-input OR gate 
triple 3-input OR gate 


dual complementary pair and inverter 
quadruple true/complement buffer 
hex inverting buffers 

hex non-inverting buffers 

nex inverter 

strobed hex inverter/buffer 

3-state hex non-inverting buffer 
3-state hex inverting buffer 


quadruple EXCLUSIVE-OR gate 
quadruple EXCLUSIVE-OR gate 
quadruple EXCLUSIVE-NOR gate 

dual 2-wide 2-input AND-OR-invert gate 
4-wide 2-input AND-OR- invert gate 


dual D-type flip-flop 

dual JK flip-flop 

quadruple D-type register with 3-state outputs 
hex D-type flip-flop 

quadruple D-type flip-flop 


5-stage Johnson counter 

presettable divide-by-n counter 
14-stage binary counter 

4-stage divide-by-8 Johnson counter 
7-stage binary counter 

synchronous up/down counter, 
binary/decade counter 

12-stage binary counter 
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385 
399 
401 


113 
117 
119 
127 
225 
397 


381 
383 
387 


133 
269 
313 
315 
373 
427 
721 
725 


249 


379 
395 
403 
405 


157 
227 
389 
775 
779 


181 
189 
199 
211 
221 


237 
265 


FUNCTIONAL 
INDEX 


FUNCTIONAL 


Counters (continued) 


Registers 


INDEX 


Decoders and 
demultiplexers 


Digital multiplexers 
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HEF4059B 
HEF4060B 


HEF4510B 
HEF4516B 
HEF4518B 
HEF4520B 
HEF4521B 
HEF4522B 
HEF4526B 
HEF4534B 
HEF4737B; V 
HEF4751V 
HEF40160B 


HEF40161B 


HEF40162B 


HEF40163B 


HEF40192B 
HEF40193B 


HEF 4006B 
HEF4014B 
HEF4015B 
HEF4021B 
HEF4031B 
HEF4035B 
HEF4076B 
HEF4094B 
HEF4517B 
HEF4557B 
HEF4731B; V 
HEF40194B 
HEF40195B 


HEF4028B 
HEF4511B 
HEF4514B 
HEF4515B 
HEF4543B 
HEF4555B 
HEF4556B 


HEF4019B 
HEF4512B 
HEF4519B 
HEF4539B 


programmable divide-by-n counter 


14-stage ripple-carry binary 
counter/divider and oscillator 

BCD up/down counter 

binary up/down counter 

dual BCD counter 

dual binary counter 

24-stage frequency divider 
programmable 4-bit BCD down counter 
programmable 4-bit binary down counter 
real time 5-decade counter 

quadruple static decade counters 
universal divider 

4-bit synchronous decade counter with 
asynchronous reset __ 

4-bit synchronous binary counter with 
asynchronous reset 

4-bit synchronous decade counter with 
synchronous reset 

4-bit synchronous binary counter with 
synchronous reset 

4-bit up/down decade counter 

4-bit up/down binary counter 


18-stage static shift register 

8-bit static shift register 

dual 4-bit static shift register 

8-bit static shift register 

64-stage static shift register 

4-bit universal shift register 

quadruple D-type register with 3-state outputs 
8-stage shift-and-store bus register 

dual 64-bit static shift register 

1-to-64 bit variable length shift register 
quadruple 64-bit static shift register 
4-bit bidirectional universal shift register 
4-bit universal shift register 


1-of-10 decoder 

BCD to 7-segment latch/decoder/driver 

1-of-16 decoder/demultiplexer with input latches 
1-of-16 decoder/demultiplexer with input latches 
BCD to 7-segment latch/decoder/driver 

dual 1-of-4 decoder/demultiplexer 

dual 1-of-4 decoder/demultiplexer 


quadruple 2-input multiplexer 

8-input multiplexer with 3-state cutput 
quadruple 2-input multiplexer 

dual 4-input multiplexer 


Analogue switches and 
multiplexers/ 
demultiplexers 


Latches 


Multivibrators and 
timers 


Arithmetic units 


Schmitt triggers 


Memories 


Special functions 


Octal circuits 


HEF4016B 
HEF4051B 
HEF4052B 
HEF4053B 
HEF4066B 
HEF4067B 


HEF4042B 
HEF4043B 
HEF4044B 
HEF4508B 
HEF4724B 


HEF4047B 
HEF4528B 
HEF4538B 
HEF4541B 
HEF4753B 


HEF 4008B 
HEF4531B 
HEF4532B 
HEF4585B 


HEF4093B 
HEF40106B 


HEF4505B 
HEF4720B; V 


HEF 4046B 
HEF4104B 


HEF4527B 
HEF4738V 
HEF4750V 
HEF4752V 
HEF4754V 
HEF4755V 


HEF 40240B 
HEF 40244B 
HEF 40245B 
HEF40373B 
HEF 40374B 


FUNCTIONAL 
INDEX 


quadruple bilateral switches 

8-channel analogue multiplexer/demultiplexer 

dual 4-channel analogue multiplexer/demultiplexer 
triple 2-channel analogue multiplexer/demultiplexer 
quadruple bilateral switches 

16-channel analogue multiplexer/demultiplexer 


quadruple D-latch 

quadruple R/S latch with 3-state outputs 
quadruple R/S latch with 3-state outputs 
dual 4-bit latch 

8-bit addressable latch 


monostable/astable multivibrator 

dual monostable multivibrator 

dual precision monostable multivibrator 
programmable timer 

universal timer module 


4-bit binary full adder 

13-input parity checker/generator 
8-input priority encoder 

4-bit magnitude comparator 


quadruple 2-input NAND Schmitt trigger 
hex Schmitt trigger 


64-bit, 1-bit per word read/write RAM 
256-bit, 1-bit per word RAM 


phase-locked loop — 

quadruple low-to-high voltage translator 
with 3-state outputs 

BCD rate multiplier 

IEC/IEEE bus interface 

frequency synthesizer 

a.c. motor control circuit 

18-element bar graph LCD driver 
transceiver for serial data communication 


octal buffers with 3-state outputs 

octal buffers with 3-state outputs 

octal bus transceiver with 3-state outputs 
octal transparent latch with 3-state outputs 
octal D-type flip-flop with 3-state outputs 
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NUMERICAL 
INDEX 


lc TIC) 
HEF4000B ‘| dual 3-input NOR gate and inverter gates D,P,T | 113 
HEF4001B | quadruple 2-input NOR gate gates D,P,T |; 117 
HEF4001UB | quadruple 2-input NOR gate; unbuffered gates D,P,T | 119 
HEF4002B {| dual 4-input NOR gate gates D,P,T | 127 
HEF4006B | 18-stage static shift register MSI - D,P,T | 129 
HEF 4007 UB | dual complementary pair and inverter gates D,P,T | 133 
HEF4008B (| 4-bit binary full adder MSI D,P,T | 141 
HEF4011B | quadruple 2-input NAND gate gates D,P,T | 145 
HEF4017UB | quadruple 2-input NAND gate; unbuffered gates D,P,T | 147 
HEF4012B | dual 4-input NAND gate gates D,P,T | 155 
HEF4013B | dual D-type flip-flop flip-flops D,P,T | 157 
HEF4014B | 8-bit static shift register MSI D,P,T | 163 
HEF4015B- | dual 4-bit static shift register MsI D,P,T | 169 
HEF4016B ‘| quadruple bilateral switches gates D,P,T | 173 
HEF4017B_ | 5-stage Johnson counter MSI D,P,T | 181 
HEF4018B | presettable divide-by-n counter MSI D,P,T | 189 
HEF4019B | quadruple 2-input multiplexer MSI D,P,T | 195 
HEF4020B | 14-stage binary counter MSs! D,P,T | 199 
HEF4021B | 8-bit static shift register MSI D,P,T | 205 
HEF4022B | 4-stage divide-by-8 Johnson counter MSI D,P,T | 211 
HEF4023B | triple 3-input NAND gate gates D,P,T | 219 
HEF4024B si} 7-stage binary counter MSI D,P,T | 221 
HEF4025B | triple 3-input NOR gate gates D,P,T | 225 
HEF4027B | dual JK flip-flop flip-flops Pols 227 
HEF4028B | 1-of-10 decoder MSI D,P,T | 233 
HEF4029B | synchronous up/down — binary/decade counter MSI D,P,T | 237 
HEF4030B | quadruple EXCLUSIVE-OR gate gates D,P,T | 249 
HEF4031B | 64-stage static shift register MsI D,P,T | 251 
HEF4035B ‘| 4-bit universal shift register MSI D,P,T | 257 
HEF4040B | 12-stage binary counter MSI D,P,T | 265 
HEF4041B | quadruple true/complement buffer buffers D,P,T | 269 
HEF4042B | quadruple D-latch MSI D,P,T | 271 
HEF4043B | quadruple R/S latch with 3-state outputs MSI D,P,T | 277 
HEF4044B | quadruple R/S latch with 3-state outputs MSI D,P,T | 281 
HEF4046B | phase-locked loop MSI D,P,T | 285 
HEF4047B- | monostable/astable multivibrator MSI D,P,T | 299 
HEF4049B | hex inverting buffers buffers D,P,T | 313 
HEF4050B_ | hex non-inverting buffers buffers D,P,T | 315 
HEF4051B_ | 8-channel analogue multiplexer/demultiplexer MSs! D,P,T {317 
HEF4052B | dual 4-channel analogue multiplexer/demultiplexer | MSI D;P;-E 1.325 


* Add the suffix to the type number on all orders. 
D: ceramic (cerdip) package (DIL). 

P : plastic package (DIL). 

T:plastic mini-pack (SO-package). 
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NUMERICAL 
INDEX 


type number | function 


HEF4053B 
HEF4059B 
HEF4060B 


HEF4066B 
HEF4067B 


HEF4068B 


HEF 4069UB 


HEF4070B 
HEF4071B 
HEF 4072B 


HEF4073B 
HEF4075B 
HEF4076B 
HEF4077B 
HEF4078B 


| HEF4081B 
HEF4082B 
HEF 4085B 
HEF4086B 
HEF4093B 


HEF4094B 
HEF4104B 
HEF4502B 
HEF4505B 
HEF4508B 


HEF4510B 
HEF45171B 
HEF4512B 
HEF4514B 
HEF4515B 


HEF4516B 
HEF4517B 
HEF4518B 
HEF4519B 
HEF4520B 


HEF4521B 
HEF4522B 
HEF4526B 
HEF4527B 
HEF4528B 


triple 2-channel analogue multiplexer/demultiplexer 


programmable divide-by-n counter | 

14-stage ripple-carry binary counter/divider 
and oscillator 

quadruple bilateral switches 

16-channel analogue multiplexer/demultiplexer 


8-input NAND gate 

hex inverter 

quadruple EXCLUSIVE-OR gate 
quadruple 2-input OR gate 

dual 4-input OR gate 


triple 3-input AND gate 

triple 3-input OR gate 

quadruple D-type register with 3-state outputs 
quadruple EXCLUSIVE-NOR gate 

8-input NOR gate 


quadruple 2-input AND gate 

dual 4-input AND gate 

dual 2-wide 2-input AND-OR- invert gate 
4-wide 2-input AND-OR-invert gate 
quadruple 2-input NAND Schmitt trigger 


8-stage shift-and-store bus register 

quadruple low to high voltage translator; 3-state 
strobed hex inverter/buffer 

64-bit static read/write RAM 

dual 4-bit latch 


BCD up/down counter 

BCD to 7-segment latch/decoder/driver 

8-input multiplexer with 3-state output 

1-of-16 decoder/demultiplexer with input latches 
1-of-16 decoder/demultiplexer with input latches 


binary up/down counter 

dual 64-bit static shift register 
dual BCD counter 

quadruple 2-input multiplexer 
dual binary counter 


24-stage frequency divider 

programmable 4-bit BCD down counter 
programmable 4-bit binary down counter 
BCD rate multiplier 

dual monostable multivibrator 


* Add the suffix to the type number on all orders. 
D:ceramic (cerdip) package (DIL). 

P :plastic package (DIL). 

T:plastic mini-pack (SO-package). 


MSI 
MSI 


MSI 
gates 
MS! 


gates 
gates 
gates 
gates 
gates 


gates 
gates 
MSI 

gates 
gates 


gates 
gates 
gates 
gates 
gates 


MSI 
MSI 
buffers 
LSI 
MSI 


MSI 
MSI 
MSI 
MSI 
MSI 


MSI 
LSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MS! 
MSI 
MSI 


24 


16 
14 
24 


14 
14 
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14 
14 


14 
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16 
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ins 
16 


333 
341 


347 
355 
363 


371 
373 
379 
381 
383 | 


385 
387 
389 
395 
397 


‘| 399 


401 
403 
405 
409 


415 
423 
427 
431 
439 


447 
457 
465 
471 
475 


479 
489 
497 
503 
507 


513 
523 


| 533 


543 
551 


NUMERICAL — 
INDEX 


HEF4531B 
HEF4532B 
HEF4534B 
HEF 4538B 
HEF4539B 


HEF4541B 
HEF4543B 
HEF4555B 
HEF4556B 
HEF4557B 


HEF4585B 


HEF4720B;V 


HEF4724B 


13-input parity checker/generator 
8-input priority encoder 

real time 5-decade counter 

dual precision monostable multivibrator 
dual 4-input multiplexer 


programmable timer 

BCD to 7-segment latch/decoder/driver 
dual 1-of-4 decoder/demultiplexer 
dual 1-of-4 decoder/demultiplexer 
1-to-64 bit variable length shift register 


4-bit magnitude comparator 
256-bit, 1-bit per word RAM 
8-bit addressable latch 


HEF4731B;V | quadruple 64-bit static shift register 


HEF4737B;V 


HEF4738V 
HEF4750V 
HEF4751V 
HEF4752V 


HEF4753B 
HEF4754V 
HEF4755V 
HEF40097B 
HEF40098B 


HEF40106B 
HEF40160B 
HEF40161B 
HEF40162B 
HEF40163B 


HEF40174B 
HEF40175B 
HEF40192B 
HEF40193B 
HEF40194B 


HEF40195B 
HEF40240B 
HEF40244B 
HEF40245B 
HEF40373B 


HEF40374B 


40 * 
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quadruple static decade counters 


IEC/IEEE bus interface 
frequency synthesizer 
universal divider 

a.c. motor control circuit 


universal timer module 

18-element bar graph LCD driver 
transceiver for serial data communication 
3-state hex non-inverting buffer 

3-state hex inverting buffer 


hex inverting Schmitt trigger 

4-bit synchronous decade counter; asynchronous reset 
4-bit synchronous binary counter; asynchronous reset 
4-bit synchronous decade counter; synchronous reset 
4-bit synchronous binary counter; synchronous reset 


hex D-type flip-flop 

quadruple D-type flip-flop 

4-bit up/down decade counter 

4-bit up/down binary counter 

4-bit bidirectional universal shift register 


4-bit universal shift register 

octal buffers with 3-state outputs 

octal buffers with 3-state outputs 

octal bus transceiver with 3-state outputs 
octal transparent latch with 3-state outputs 


octal D-type flip-flop with 3-state outputs 


: Add the suffix to the type number on all orders. 
: ceramic (cerdip) package (DIL). 

: plastic package (DIL). 

: plastic mini-pack (SO-package). 


MSI 
MSI 
LSI 
MSI 
MSI 


MSI 
MSI 
MSI 
MSI 
LSI 


MSI 
LSI 
MSI 
LSI 
LSI 


LSI 
LSI 
LSI 
LSI 
LSI 
LSI 
LSI 
buffers 
buffers 


gates 
MSs! 
MSI 
MSI 
MSI 


MSI 
MS! 
MSI 
MSI 
MSI 


MSI 
buffers 
buffers 
buffers 
MSI 


MSI 
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RATING SYSTEMS 


The rating systems described are those recommended by the International Electrotechnical Commission 
(IEC) in its Publication 134. 


DEFINITIONS OF TERMS USED 
Electronic device. An electronic tube or valve, transistor or other semiconductor device. 


Note 
This definition excludes inductors, capacitors, resistors and similar components. 


Characteristic. A characteristic is an inherent and measurable property of a device. Such a property 
may be electrical, mechanical, thermal, hydraulic, electro-magnetic, or nuclear, and can be expressed 
as a value for stated or recognized conditions. A characteristic may also be a set of related values, 
usually shown in graphical form. 


Bogey electronic device. An electronic device whose characteristics have the published nominal values 
for the type. A bogey electronic device for any particular application can be obtained by considering 
only those characteristics which are directly related to the application. 


Rating. A value which establishes either a limiting capability or a limiting condition for an electronic 
device. It is determined for specified values of environment and operation, and may be stated in any 
Suitable terms. 


Note 
Limiting conditions may be either maxima or minima. 


Rating system. The set of principles upon which ratings are established and which determine their 
interpretation. 


Note 
The rating system indicates the division of responsibility between the device manufacturer and the 
circuit designer, with the object of ensuring that the working conditions do not exceed the ratings. 


ABSOLUTE MAXIMUM RATING SYSTEM 


Absolute maximum ratings are limiting values of operating and environmental conditions applicable to 
any electronic device of a specified type as defined by its published data, which should not be exceed- 
ed under the worst probable coiiditions. 


These values are chosen by the device manufacturer to provide acceptable serviceability of the device, 
taking no responsibility for equipment variations, environmental variations, and the effects of changes 
in operating conditions due to variations in the characteristics of the device under consideration and 
of all other electronic devices in the equipment. 


The equipment manufacturer should design so that, initially and throughout life, no absolute maximum 
value for the intended service is exceeded with any device under the worst probable operating con- 
ditions with respect to supply voltage variation, equipment component variation, equipment control 
adjustment, load variations, signal variation, environmental conditions, and variations in characteristics 
of the device under consideration and of all other electronic devices in the equipment. 
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RATING 
SYSTEMS 


DESIGN MAXIMUM RATING SYSTEM 


Design maximum ratings are limiting values of operating and environmental conditions applicable to a 
bogey electronic device of a specified type as defined by its published data, and should not be exceed- 
ed under the worst probable conditions. 


These values are chosen by the device manufacturer to provide acceptable serviceability of the device, 
taking responsibility for the effects of changes in operating conditions due to variations in the charac- 
teristics of the electronic device under consideration. 


The equipment manufacturer should design so that, initially and throughout life, no design maximum 
value for the intended service is exceeded with a bogey device under the worst probable operating 
conditions with respect to supply voltage variation, equipment component variation, variation in 
characteristics of all other devices in the equipment, equipment control adjustment, load variation, 
signal variation and environmental conditions. 


DESIGN CENTRE RATING SYSTEM 


Design centre ratings are limiting values of operating and environmental conditions applicable to a 
bogey electronic device of a specified type as defined by its published data, and should not be exceed- 
ed under normal conditions. 


These values are chosen by the device manufacturer to provide acceptable serviceability of the device 

in average applications, taking responsibility for normal changes in operating conditions due to rated 
supply voltage variation, equipment component variation, equipment control adjustment, load variation, 
signal variation, environmental conditions, and variations in the characteristics of all electronic devices. 


The equipment manufacturer should design so that, initially, no design centre value for the intended 
service is exceeded with a bogey electronic device in equipment operating at the stated normal supply 
voltage. 
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HANDLING 
MOS DEVICES 


HANDLING MOS DEVICES 


Though all our MOS integrated circuits incorporate protection against electrostatic discharges, they 
can nevertheless be damaged by accidental over-voltages. In storing and handling them, the following 
precautions are recommended. 


Caution 


Testing or handling and mounting call for special attention to personal safety. Personnel handling MOS 
devices should normally be connected to ground via a resistor. 


Storage and transport 


Store and transport the circuits in their original packing. Alternatively, use may be made of a conductive 
material or special IC carrier that either short-circuits all leads or insulates them from external contact. 


Testing or handling 


Work on a conductive surface (e.g. metal table top) when testing the circuits or transferring them from 
one carrier to another. Electrically connect the person doing the testing or handling to the conductive 

surface, for example by a metal bracelet and a conductive cord or chain. Connect all testing and hand- 

ling equipment to the same surface. 

Signals should not be applied to the inputs while the device power supply is off. All unused input leads 
should be connected to either the supply voltage or ground. 


Mounting 


Mount MOS integrated circuits on printed circuit boards after all other components have been mounted. 
Take care that the circuits themselves, metal parts of the board, mounting tools, and the person doing 
the mounting are kept at the same electric (ground) potential. If it is impossible to ground the printed- 
circuit board the person mounting the circuits should touch the board before bringing MOS circuits 

into contact with it. 


Soldering 


Soldering iron tips, including those of low-voltage irons, or soldering baths should also be kept at the 
same potential as the MOS circuits and the board. 


Static charges 


Dress personnel in clothing of non-electrostatic material (no wool, silk or synthetic fibres). After the 
MOS circuits have been mounted on the board proper handling precautions should still be observed. 
Until the sub-assemblies are inserted into a complete system in which the proper voltages are supplied, 
the board is no more than an extension of the leads of the devices mounted on the board. To prevent 
static charges from being transmitted through the board wiring to the device it is recommended that 
conductive clips or conductive tape be put on the circuit board terminals. 


Transient voltages 


To prevent permanent damage due to transient voltages, do not insert or remove MOS devices, or 
printed-circuit boards with MOS devices, from test sockets or systems with power on. 


Voltage surges 


Beware of voltage surges due to switching electrical equipment on or off, relays and d.c. lines. 
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-CECC QUALIFIED PRODUCTS 


INTRODUCTION 


The basis of the quality assessment of the CMOS ICs described in this handbook is formed by the rules 
and procedures of the well known CECC system (European system of quality assessment for electronic 
components). As a consequence, all CMOS manufacturing activities are now fully qualified and super- 
vised by independent, internationally recognized, National Inspectorates (e.g. KEMA for The Nether- 
lands). 


Our CMOS ICs are homologated according to the CECC 90 000 Specification. 


CECC - WHAT DO CUSTOMERS GET? 


« Products, wholly manufactured in CECC approved premises. 

® Products, released by an Inspection Organization which is approved by ie National Supervising 
Inspectorate (NSI). 

Products, released in accordance with CECC adopted specifications. 

Mandatory sample life tests and environmental tests. 

Delivery in packages, which are sealed with the mark of conformity under supervision of the NS}. 
Certified test records compiled every six months and available on request. 

Audits of the production facilities by the NS]. 


THE CECC SCHEME 


CECC ts a scheme for providing electronic components of assessed quality controlled by the National 
Supervising Inspectorate (NSI, e.g. KEMA). It is set up by the CENELEC (European Committee for 
Electrotechnical Standardization) Electronic Components Committee (CECC) and the International 
Electrotechnical Commission (IEC). 

The CECC scheme includes two essential features of any Quality Assurance Scheme: 

— a specification system, 

— a certification procedure supported by an independent inspectorate. 


CECC IN OPERATION 
The CECC scheme operates essentially in three parts. 


Part 1: the plant qualification 
Part 2: the device qualification 
Part 3: quality conformance inspection of deliveries 


Part 1 


Established to the satisfaction of the NS! that the organization has adequate quality systems, pro- 
cedures and standards to control the manufacturing of electronic components to the minimum standard 
as defined in the CECC system. 


Part 2 


Established by demonstration to the NSI that the electronic components are capable of meeting the 
requirements of detail specifications which are prepared in accordance with the CECC system. This is 
accomplished by performing the qualification activity. 
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CECC 


Part 3 


Established on a lot-by-lot and periodic sampling basis such, that the devices are in conformance with 
the specifications to which they were initially qualified. Data on the results of these tests are provided 
as Certified Test Records (CTRs), certified by a representative of the NSI and they are published at 
six-monthly intervals. 

At this stage, if any lot should be classified as rejected, it will become disqualified from being released 
as a CECC device. Re-submission of rejected lots is not permitted. 


CECC - QUALIFICATION FEATURES 
Lot-by-lot tests 
Group A inspection 


Group A prescribes the visual examination and electrical measurements to be made on a lot-by-lot basis 
to assess the principal electrical properties of a circuit (see CECC 00 107). 
Group A inspection is divided into appropriate Sub-Groups. 


. Group B inspection 


Group B prescribes the procedures to be used on a lot-by-lot basis to assess certain additional properties 
of the circuit, including environmental and endurance tests which can be completed in less than one 
week (see CECC 00 107). 

Group B inspection is divided into appropriate Sub-Groups. 


Periodic tests 
Group C inspection 


Group C prescribes the procedures to be used on a periodic basis to assess certain properties of the cir- 
cuit including environmental and endurance tests which are appropriate for checking at intervals of 

3 months. 

Group C inspection is divided into appropriate Sub-Groups. 


Group D inspection 
Group D prescribes the procedures to be used on a periodic basis at intervals of 12 months. 


CECC - QUALIFICATION PROCEDURE 


Raise detail specification in accordance with appropriate rules. 

Detail specification approved by NSI and NAI (National Authorized Institution). 

Submit 3 separate lots for qualification. 

Pass all group A and B tests on each of the 3 lots. 

Pass all group C tests on a combined sample from the 3 lots. 

Pass all group C tests, except test C8 (endurance). 

Pass C8 endurance test at 1000 hours, submit test records countersigned by supervising inspector and 
apply for provisional approval. 


CECC - PRODUCTS 


Our CMOS products are available up to the highest assessment level R. Products qualified by CECC are 
recognized by the symbol & on the individual data sheets in this handbook. The appropriate CECC 
detail specification number is also given. | 


BURN-IN 
OPTIONS 


BURN-IN OPTIONS 


Production quality control ensures that the quality inherent in a design is realized during manufacture 
of our CMOS integrated circuits. This is achieved by monitoring the quality, both conformity and 
reliability, of finished ICs; by inspection of the materials and components to be used in the process; 
by calibration of the equipment; and by monitoring the temperature, humidity and dust content of 
the manufacturing area. 


Careful integration of the production and quality-control functions is essential for good and improving 
quality. 


The BURN-IN option is an additional feature and is available on all our plastic and ceramic (cerdip) 
DIL packaged CMOS ICs. The features are: 


reduced infant mortality 

reduced printed-circuit board and system re-design 
reduced equipment down-time 

reduced field failures 


Flow-charts 


NORMAL FLOW — BURN-IN FLOW 


MARK MARK 
FINAL TEST aaa i 
D.C./FUNCTIONAL EST/D.C. 

PARAMETERS 

AT 25° 
ACCEPTANCE 
TESTING BURN-IN 

FINAL TEST 

D.C. /FUNCTIONAL 

; ACCEPTANCE 

eats TESTING 


Burn-in is performed under the following conditions: 


VDD 15 V 

O 
ae is ae Predavoreltt 
bias - static 
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INFORMATION 


ORDERING INFORMATION 


TYPE DESIGNATION 


~ HEX4512BXX 
HE family identification 
x operating temperature range (C = full, F = limited) 
4512 device number 
B JEDEC “B” series CMOS specification 
x package code (P = plastic, D = ceramic (cerdip), T = plastic SO mini-pack 


xX screening class (B = burn-in; see also chapter BURN-IN OPTIONS) 
Example: HEF4512BDB 


MARKING 
7286174 
: XXXKXXXKXKXXX type designation 
terminal 1 
identification XXXXXXXX 
factory identification layout no. 
date code quality. assessment level (R,S, T or V) 

ORDERING 


~_N (a) integrated circuit HEF (b) 4512B, R (c) level, B class (d), D (e) package, following 
NL-CECC 90 104-066, Issue 1. 


Complete type number: HEF4512BDB 


Note:.Always use the complete type number when ordering (see above). Complete type number are 
given in the device data sheets. 


a: quantity 

b: operating temperature range (HEF or HEC) 

c: quality assessment level (R) 

d: screening class, burn-in (optional) 

e: package code D = ceramic (cerdip) ; P = plastic; T = plastic SO mini-pack 
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PACKAGE OUTLINES 


PACKAGE 
OUTLINES 


14-LEAD DUAL IN-LINE; PLASTIC (SOT-27K,M,T) 


+— 8, 25max -—- 


seating plane 


7286804 


rey Positional accuracy. 


(M) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within +0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two ieads 
may deviate from nominal by 

top view +0,254 mm. 


(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


Dimensions in mm 


SOLDERING 


1. By hand 


Apply the soldering iron below the seating plane (or not more than 2 mm above it}. 
If its temperature is below 300 °C it must not be in contact for more than 10 seconds: if between 
300 °C and 400 °C, for not more than 5 seconds. 


‘2. By dip or wave 


The maximum permissible temperature of the solder is 260 °C; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solider waves 
must not exceed 5 seconds. 

The device may be mounted up to the seating plane, but the temperature of the piastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis- 
sible limit. 


3. Repairing soldered joints 


The same precautions and limits apply as in (1) above. 
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PACKAGE 
OUTLINES 


16-LEAD DUAL IN-LINE; PLASTIC (SOT-38Z) 


<—— 8,25 max ——> 
| 


19.5 max 


seating plane 


y 


$$» 
8,3 7273586.2 


B Positional accuracy. 


(M) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within 0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 


may deviate from nominal by 
lead 1 indication (either index or sign) +0,254 mm. 


EOP IEW (2) Lead spacing tolerances apply 
from seating plane to the line 


: : Y indicated. 
Dimensions in mm 


SOLDERING 


1. By hand | 


Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
If its temperature is below 300 °C it must not be in contact for more than 10 seconds: if between 
300 °C and 400 °C, for not more than 5 seconds. 


2. By dip or wave 


The maximum permissible temperature of the solder is 260 °C; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. 

_ The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis- . 
sible limit. | 


3. Repairing soldered joints 


The same precautions and limits apply as in (1) above. 
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PACKAGE 
OUTLINES 


14-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-73A,B,C) 


19,94 max 


<+— 825 max ——> 


seating plane 


‘ { I t [2,54] f | ! 
7 2,94 ees CORT ONE omen oes | Ooms 
max 


’ 7Z73785.3 


Ba Positional accuracy. 
(M) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within £0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


top view (2) Lead spacing tolerances apply 
from seating plane to the line 
Dimensions in mm indicated. 
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PACKAGE 
OUTLINES 


16-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-74A,B,C) 


| 19,94 max 


seating plane 


side view 


7Z255544.8 


Dimensions in mm 
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rd 
[2,54] 


' 


top view 


Sp Positional accuracy. 


(M) Maximum Material Condition. 


(1) 


(2) 


Centre-lines of all leads are 

within £0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


PACKAGE 
OUTLINES 


24-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-94) 


Ol eee a et cee eT 
Dy a a Op pe ay I Tree SN pry OR a OE <7 
HULDIDIDIDIDIDIUIUIOIOIQE IT 


a 50.76" 
38 
: ]o,254 Mm] |" 


> max gle 


33 max 


seating plane 


top view 


& Positional accuracy. 


118, 9 x SS 


(M) Viaximum Material Condition. 


side view (1) Centre-lines of all leads are 


within 0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


12858495 (2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


Dimensions in mm 
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PACKAGE 
OUTLINES 


24-LEAD DUAL IN-LINE; PLASTIC (SOT-101A) 


32 max 
5 
Cc 
: | 
Qa. 
e 51 
+ y max 
@ 0,51 
epee Bh Descent! 5 ieee 2 ieee 0,76 (2) 
0,53 y 
22x max 
r >| |<{efozse @ 
max 


top view 


pee 15.8 max ———_____» 


@ Positional accuracy. 


Maximum Material Condition. 


— 14,1 max “| 
(1) Centre-lines of all leads are 
within £0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 


may deviate from nominal by 
+0,254 mm. 


(2) Lead spacing tolerances apply 
1273670.5 from seating plane to the line 
indicated. 


(3) Index may be horizontal as shown, 
or vertical. 


Dimensions in mm 
( 
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PACKAGE 
OUTLINES 


18-LEAD DUAL IN-LINE; PLASTIC (SOT-102) 


25,4 max 


seating plane 


top view 


<+—— 8,25 max ——> 


j i . « 
side view eh Positional accuracy. 


(M) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within +0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


95 
8,3 from seating plane to the line 
indicated. 


(2) Lead spacing tolerances apply 


peer sees atta es | GZOSI28S 


Dimensions in mm 
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PACKAGE 
OUTLINES 


14-LEAD MINI-PACK; PLASTIC (SO-14; SOT-108A) 


8,75 | 
8,55 


a 


top view 


Dimensions in mm 


QD Positional accuracy. 


(VM) Maximum Material Condition. 


SOLDERING 


The reflow solder technique 


The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is 
reflow soldering. Solder is applied to the required areas on the substrate by dipping in a solder bath or, 
more usually, by screen printing a solder paste. Components are put in place and the solder is reflowed 
by heating. | 


Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder. 
They are available in various forms depending on the specification of the solder and the type of binder 
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is recommended. The working tem- 
perature of this paste is about 220 to 230 °C when a mild flux is used. 


For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 um is used 
for which the emulsion thickness should be about 50 um. To ensure that sufficient solder paste is 
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact 
area. 


The contact pins are positioned on the substrate, the slight adhesive force of the solder paste being 
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably 
by means of a controlled hot plate. The soldering process should be kept as short as possible: 10 to 
15 seconds is sufficient to ensure good solder joints and evaporation of the binder fluid. 

After soldering, the substrate must be cleaned of any remaining flux. 
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PACKAGE 
OUTLINES 


| - 1O.49 


i Milam 


top view 


Dimensions in mm 


= eee 12 13 14 


HEHE HE ET 


QD Positional accuracy. 


() Maximum Material Condition. 


SOLDERING 


The reflow solder technique 


The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is 
reflow soiderina. Solder is applied to the required areas on the substrate by dipping in a solder bath or, 
more usually, by screen printing a solder paste. Components are put in place and the solder is reflowed 
by heating. 

Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder. 
They are available in various forms depending on the specification of the solder and the type of binder 
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is recommended. The working tem- 
perature of this paste is about 220 to 230 °C when a mild flux is used. 


For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 um is used 
tor which the emulsion thickness should be about 50 um. To ensure that sufficient solder paste is 
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact 
area. 


The contact pins are positioned on the substrate, the slight adhesive force of the scider paste being 
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably 
by means of a controlled hot plate. The soldering process should be kept as short as possible: 10 to 
15 seconds is sufficient to ensure good solder joints and evaporation of the binder fluid. 

After soldering, the substrate must be cleaned of any remaining flux. 
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PACKAGE 
OUTLINES 


28-LEAD DUAL IN-LINE; PLASTIC (SOT-117) 


si et anes se ec 36 max Be a ag a tt ie 
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top view 


SS Se 15,8 max i —- 


sage cect VI Ve ee 


side view €p Positional accuracy. 


(V) Maximum Material Condition. 


(1) Centre-lines of all leads are 

within £0,127 mm of the nominal 
. position shown; in the worst case, 
I H the spacing between any two leads 


1 ae 57h al | may deviate from nominal by 
17,15 7Z273669.2 £0,254 mm. 
(6.6030 


(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


(3) Index may be horizontal as shown, 


Dimensions in mm or vertical. 


30 December 1982 


Bio ie ee 52,5 = 
| max | 
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e 4,7 
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imal 4076 
+i gigi ae rey” 
1,7 


(6Z1-LOS) OILSW1d :ANIT-NI TVNG GV31-0F 


top view 
—_|__—— 15,8max ———_______» ‘ 
@ Positional accuracy. (2) Lead spacing tolerances apply 
oe from seating plane to the line 
() Maximum Material Condition. fadicated. 
(1) Centre-lines of all leads are (3) Index may be horizontal as shown, 
within £0,127 mm of the nominal . 
ae or vertical. Ov 
position shown; in the worst case, <> 
side view the spacing between any two leads sO 
may deviate from nominal by Dimensions in mm =. 
ge eee ee 1715 72Z70128.5 Tl G) 
15,90 ep) ITI 


PACKAGE 
OUTLINES 


18-LEAD DUAL IN-LINE: CERAMIC (CERDIP) (SOT-133A,B) 


23,6 max 
: | 
e 5,08 
= max 
a | 0,38 | 
. min 
" “t O76" 
3,4 
2,9 (1) 
| 3 
| 1 | | | ' [2,54] ; 
max 


top view 


side view - 
€P. Positional accuracy. 


(M) Maximum Material Condition. 


(1) Centre-lines of all leads are 
withim+0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


Dimensions in mm 
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PACKAGE 
OUTLINES 


28-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-135A) 


a . 38,1 max "| 


wo 
Cc 
()] 
a 
dl TTITTHHHhhhhhnhnp 5 i 
oe max 
| Lain 51 

en 

38 : 

oh 
2,54 | | 
wl 25h Le or 
top view 
>_———— 15,9 max = @D Positional accuracy. 
side view () Maximum Material Condition. 

(1) Centre-lines of all leads are 
within 0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 

we +0,254 mm. 
lige not aes) 1 | a ee ae AL 7Z78698.2 
naeee 


(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


Dimensions in mm 
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PACKAGE 
OUTLINES 


20-LEAD DUAL IN-LINE; PLASTIC (SOT-146; 146C1) 


seating plane 


27 max 


0,51 

min 

ff) 2) 
ii 


wen 


+ 


les 
| 0, <{#/0,254 @| <{#/0,254 @| Bh 


max 


<+—\— 8,25 max ——»> 


(762 | 
10,03 
8 


9 


<—.?__—_—_—__—_- 


Dimensions in mm 
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7283901.3 


side view 


top view 


ae Positional accuracy. 


@™) 


(1) 


(2) 


Maximum Material Condition. 


Centre-lines of all leads are 

within 0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


PACKAGE 
OUTLINES 


16-LEAD MINI-PACK: PLASTIC (SO-16L; SOT-162A) 


> i 


0,76 max 0,2! Qt eet 16.0 


7283896.2 


v 
re 
a) 
4 


1 top view 


re Dimensions in mm 
aes Moos nF ton aon eee ome os 2,0 
max of Positional accuracy. 


(m) Maximum Material Condition. 
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HH Ee te 
fi Bh aah, elk eh, HEN? 


SOLDERING 


The reflow solder technique 


The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is 
reflow soldering. Solder is applied to the required areas on the substrate by dipping in a solder bath or, 
more usually, by screen printing a solder paste. Components are put in place and the solder is reflowed 
by heating. 


Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder. 
They are available in various forms depending on the specification of the solder and the type of binder 
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is recommended. The working tem- 
perature of this paste is about 220 to 230 °C when a mild flux is used. 


For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 um is used 
for which the emulsion thickness should be about 50 um. To ensure that sufficient solder paste is 
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact 
area. 


The contact pins are positioned on the substrate, the slight adhesive force of the solder paste being 
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably 
by means of a controlled hot plate. The soldering process should be kept as short as possible: 10 to 
15 seconds is sufficient to ensure good solder joints and evaporation of the binder fluid. 

After soldering, the substrate must be cleaned of any remaining flux. 
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PACKAGE a 
OUTLINES ) | 


20-LEAD MINI-PACK; PLASTIC (SO-20; SOT-163A) 


9 — fe 
10,0 7283897.2 


Dimensions in mm 


€B Positional accuracy. 


(M) Maximum Material Condition. 


SOLDERING 


The reflow solder technique 


The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is 
reflow soldering. Solder is applied to the required areas on the substrate by dipping in a solder bath or, 
more usually, by screen printing a solder paste. Components are put in place and the solder is reflowed 
by heating. 


Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder. | 
They are available in various forms depending on the specification of the solder and the type of binder 
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is recommended. The working tem- 
perature of this paste is about 220 to 230 °C when a mild flux is used. 


For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 um is used 
for which the emulsion thickness should be about 50 um. To ensure that sufficient solder paste !s 
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact 
area. 


The contact pins are positioned on the substrate, the slight adhesive force of the solder paste being 
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably 
by means of a controlled hot plate. The soldering process should be kept as short as possible: 10 to 
15 seconds is sufficient to ensure good solder joints and evaporation of the binder fluid. 

After soldering, the substrate must be cleaned of any remaining flux. 
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FUNCTIONAL DIAGRAMS 


FUNCTIONAL 
DIAGRAMS 


HEF4000B HEF4001B HEF4007UB HEF4002B 


7269555 


7273673 Dual 4-input 
NOR gate. 
Dual 3-input NOR en ea 
gate and inverter. Quadruple 2-input Quadruple 2-input 
NOR gate. NOR gate; unbuffered. 
HE F4006B HEF4008B 


Da 


SHIFT REGISTER |°3A113 
ie ee 
el SHIFT REGISTER 
O 4-BITS 
De 


oes SHIFT REGISTER 
i - 5-BITS 


7Z73675.2 


18-stage static shift register. 


7Z74548.1 
HEF4007UB 
4-bit binary full adder. 


Vss} 7 : 
R Dual complementary pair and 
N3 


; inverter; unbuffered. 


7Z73677 
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FUNCTIONAL 
DIAGRAMS 


HEF4011B HEF4011UB HEF4012B HEF4013B 


7Z69563 


Dual 4-input 
NAND gate. 
Quadruple 2-input | Quadruple 2-input 
NAND gate. NAND gate; unbuffered. 
HEF4014B 
7269524,1 
P, |P> IP 
A M1 sHET REGISTER 7 
7269525.3 
8-bit static shift register. 
HEF4016B 
7Z69526.2 
Dual 4-bit static 
shift register 
7269571,2 
Quadruple bilateral switches. HEF4018B 


2 |3 |7 9 | 
Po [Pa [Po [Ps [Pa 


PARALLEL LOAD 


HEF4017B 


CIRCUITRY 
5—STAGE JOHNSON COUNTER = py 
D/°D 
Fora Leia (A OE COUNTER 


ice 


7Z69527.3 


| [> | 
5 |4 |6 


DECODING AND OUTPUT CIRCUITRY 
pao bs ele ereoais | 
3 12 14 17 11 


7269564 .3 


5-stage Johnson counter. Presettable divide-by-n counter. 
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FUNCTIONAL 
DIAGRAMS 


HEF4019B HEF4023B 


7Z69566 


13 Triple 3-inpbut NAND gate. 


7269542.3 


Quadruple 2-input multiplexer. HEF4025B 


HEF4020B 


12-STAGE COUNTER 


7269548 


Triple 3-input NOR gate. 


7Z73680.3 


14-stage binary counter. 


HEF4021B 


7269531.4 


SHIFT REGISTER 
8-BITS 


7Z269530.4 


8-bit static shift register. 


HEF4022B 


4-STAGE JOHNSON COUNTER 


7Z69565.2 7Z69532.1 


Dual JK flip-flop. 
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FUNCTIONAL 
DIAGRAMS 


HEF4028B | HEF4029B 


PARALLEL LOAD CIRCUITRY 


DECODER 


7273681.1 


1-of-10 decoder. 


7273683.2 


Synchronous up/down counter, 
binary/decade counter. 


HEF4030B HEF4031B 


64 -STAGE 
STATIC SHIFT 
REGISTER 


7269534.2 


7Z69549 


Quadruple EXCLUSIVE-OR gate. 


64-stage static shift register. 


HEF4035B 


7Z69535.3 


4-bit universal shift register. 
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FUNCTIONAL 
DIAGRAMS 


HEF4040B HEF4042B 


12-STAGE COUNTER 


72695636 3 


HEF4041B 
7Z269550.3 
Quadruple D-latch. 
Quadruple true/complement 
buffer. 
7275422.1 
HEF4043B HEF4044B 
3-STATE | 3-STATE 
OUTPUTS OUTPUTS 
7273687.3 =eerre 
Quadruple R/S latch with 3-state outputs. Quadruple R/S latch with 3-state outputs. 
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FUNCTIONAL 
DIAGRAMS ~—s). 


HEF4046B 


PHASE 
COMPARATOR 1 


PC2oyt 
COMPARATOR 2 R3 
So Eero PCPoyt 
g| VCO; LOW-PASS 
FILTER 
C2 
SOURCE 10} SFout ‘4 
FOLLOWER Ves 
RSF 
Vss 
Nee — ed 
Vso <p ZENER 
_ esinlnciat ies ; 7273691.2 
Phase-locked loop. 
HEF4047B 
Rt 
Cy 
BOTE aired age 
ree | 
OSCILLATOR 
OUTPUT 
5 | ASTABLE 
a pres RETRIGGER | RETRIGGER |12 
4 | ASTABLE NTROL | 
eS ee ee pee CONTRO 
' MULTI- 
= | VIBRATOR olt0 
6 |-TRIGGER, 
O} MONOSTABLE estas 
8|+TRIGGER | CONTROL ee es et 
Fee " (+2) ; O}1%4 
MRI9 
7274558.1 


Monostable/astable multivibrator. 
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~ FUNCTIONAL 
DIAGRAMS 


SPR La it Baa NEN 9” TUDE CPE 7 RA A TI A PSEA IE EAA A A ESN PET SEPA EGTA OA POY 2 PE FPA WP EN PEP PO AL PP SEP EOE EE ITEMS MAT MERA ORT 5% eat: Seah RRR 96° See aan ce calaeanashetaahn eis caceiiael 


HEF4049B HEF4050B 


7Z69558 
Hex inverting buffers. Hex non-inverting bufters. 
HEF4051B 
16 

VDD acelin 
CT 
u | Yiji4 
Y2q15 
10] 41 ¥3 412 


LOGIC 
LEVEL 
CONVERSION 


1—of—8 
DECODER 


7269537.4 


8-channel analogue multiplexer/demultiplexer. 
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oP 


HEF4052B HEF 40538 


SWVHDVIC 
TWNOILONNA 


‘e) 
© 
rob 
fe) 
oy 
@ 
— 
— 
ce) 
oo 
a) 


LOGIC 

LEVEL | DECODER | 

, | CONVERSION | 

LEVEL Poe 
CONVERSION DECODER | 


7Z69539.4 


ZB{3 
io = al | See Triple 2-channel analogue multiplexer/demultiplexer. 


Dual 4-channei analogue multiplexer/demultiplexer. 


FUNCTIONAL 
DIAGRAMS 


HEF4059B 


22 {21 {20 17 [16 |15 10 |9 7 7284351 


Peps fe Ps Por Po Po ole Poe 


PRESETTABLE LOGIC 


aon aera ies 
— = anes aes ca Ge 


preset enable 


1st INTERMEDIATE COUNTING SECTION 
1 COUNTING COUNTING 
SECTION SECTION 
+ 10,8,5,4,2 + 10 + 10 + 10 + 1,2,2,4,8 
DETECTION ee ee 
MODE PRESET OUTPUT 
SELECTION ENABLE STAGE 
24 12 2 23 


Programmable divide-by-n counter. 


HEF4060B 


7284437 


14-stage ripple-carry binary counter/divider and oscillator. 


HEF4066B 


7269571.2 


Quadruple bilateral switches. 
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FUNCTIONAL 
DIAGRAMS 


HEF4067B 


1-of-16 
DECODER 


7Z73694.3 
16-channel analogue 
multiplexer/demultiplexer. 


HEF4071B 


OR gate 


7Z69551 


HEF4073B 


7273698 


Triple 3-input AND gate. 


October 1980 


Dual 4-input OR gate. 
Quadruple 2-input 


HEF4075B 


_ Triple 3-input OR gate. 


HEF4068B HEF4069UB 


7269567 


8-input NAND gate. 


HEF4070B 


7Z73696 


Hex inverter; 
unbuffered. 


Quadruple EXCLUSIVE-OR 
gate. 


7269549 


HEF4072B 


HEF4076B 


7269552 


7Z272867.2 


7273700 


Quadruple D-type register 
with 3-state outputs. 


FUNCTIONAL 
DIAGRAMS 


HEF4077B HEF4078B HEF4081B HEF4082B 


7269553. 


Dual 4-input AND 


8-input NOR gate. gate. 


7273902.) 7269569 


Quadruple EXCLUSIVE-NOR gate. Quadruple 2-input AND gate. 


HEF4085B HEF40868 HEF4093B 


Dual 2-wide 2-input 
AND-OR-INVERT gate. 


7Z73702.1 
4-wide 2-input 


HEF4094B AND-OR-INVERT gate. 


8-STAGE SHIFT 


72Z73704.2 


REGISTER 


Quadruple 2-input NAND 
Schmitt trigger. 


8-BIT STORAGE 


REGISTER 


7274614.1 


8-stage shift-and-store 
bus register. 
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FUNCTIONAL 
DIAGRAMS 


HEF4104B HEF4502B 


LEVEL 


CONVERTER 
124 '3 7 


7275372.2 
Quadruple low-to-high 
voltage translator 
with 3-state outputs. 


Strobed hex inverter/buffer. 


64-bit, 1-bit per word random 
enn HEF4505B access read/write memory. 


8x8 MEMORY 
CELL ARRAY 


eal aaa COLUMN 
-ripuexen F= = As 
MULTIPLEXE [| MULTIPLEXER [C_ DECODER Ag 12 


WRITE 
CONTROL 
ATA 


BUFFER 


7Z74630.2 


50 | October 1980 


FUNCTIONAL 
DIAGRAMS 


HEF4508B CO nel t0B 


os 
PO ROT SINT RN 
T 4 a 
CUTE Ba ty’ | 
ao een ger ntmmrae 
— 


LIP / DOWN 
COUNTER 


LATCH 
nee ae eee 2B |e BCD up/down counter. 


77.74605.2 


Dual 4-bit latch. . HEF4512B 
HEF4511B 
2 
oe —- ~. 
LATCH | 
DECODER —_ | 


DRIVERS 


7272879.3 
7273717.2 


BCS to 7 seginent latch/decoder/driver. 8-input multiplexer with 3-state output. 


HEF4514B 


ee LATCHES 


DECODER 


72895490.3 


1-of-16 eee ce oeumplex with ee latches. 


_ Foi October 1980 («64 


FUNCTIONAL 
DIAGRAMS 


CU WORE, 1 ARO TERNES O 


HEF4515B 
22 


es 2 aves [3 —_— . 24 e 2 pe 


SE SDN PAAR ANC SN NARA AOR RECON CL 


EO | DECODER | 
: “So 6 6 6 5 G6 6 6 8. rom oO Oo 0.0 860 O 
17,49 410 j8 47 [6 45 J4 {18 417 F20 419 414 F113 J16 [15 
7Z84275 


1-of-16 decoder/demultiplexer with input latches. 


ee | HEF4517B 


13 
Tr [Pe | Pa 


TIVA 
itl PARALLEL LOAD CIRCUITRY cP & 64-BIT STATIC SHIFT REGISTER 
: | i: il ——-—1CP__ 016/047 _032/D33 O4g/Dag O64 
Gi fe, 3 PE/EO, wiciiaiad , ih , eae “as ae . as 
a a ms INPUT/3-STATE — OUTPUT CIRCUITRY 


Pro atiqunwacsance 


UP/DOWN 
COUNTER 


Og 4a [5 
Oaga [2 _ 
0324 16 _ 


°s er | | Sista fi oa tag enn aes OA 
Uo O Ox. 
1273715,2 aa 1D, 64~-BIT STATIC SHIFT REGISTER 


12\CPa__| P  O1¢/D47 O99/D O 


Ranary ao/down counter. 
13|PE/EO, [7 , = 
Sf tf = |NPUT/3-—STATE — OUTPUT CIRCUITRY 
pois eet er RT a ae ak Saia'li 
Oagp 114 
0328 | 10 
0168 115 
HEF4518B mn seco 
7274569.1 


Dual 64-bit static shift register. 


HEF4519B 


7Z69556.1 72696 28.3 


Dual BCD counter. Quadruple 2-input multiplexer. 
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HEF4520B 


7Z69556.1 


Dual binary counter. 


HEF4521B 


to 


STAGES 1 to 8 


STAGES 9 to 16 | 
O16 


STAGES 17 to 24 


| O74 049}929]921 }922/ 923 


7Z74562.1 1 10 111 412 113 114 115 


24-stage frequency divider. 


DIAGRAMS 


October 1980 


FUNCTIONAL 


53 


FUNCTIONAL 
DIAGRAMS 


HEF4522B HEF4526B 


| ___ {3 5 [11 |14 |2 3 5 |11 
Fo [Pa JP |Ps Po [Ps [Po | 
PARALLEL LOAD PARALLEL LOAD 
CIRCUITRY CIRCUITRY 
Bee 
COUNTER 
D 


7274612.2 7284109.1 
Programmable 4-bit BCD down counter. Programmable 4-bit binary down counter. 
HEF4527B HEF4528B 


7284386 


BCD rate multiplier. 


HEF4531B 


7Z82336.1 


O is HIGH if any odd number of inputs is HIGH Dual monostable multivibrator. 


9 7274619.1 


13-input parity checker/generator. 


54 October 1980 


FUNCTIONAL 
DIAGRAMS 


HEF4532B 


PRIORITY 
ENCODER 


7Z275371.1 


8-input priority encoder. 
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FUNCTIONAL 
DIAGRAMS 


HEF4534B 


Cext2 Cext1 OER MR,, CPS 


ae PULSE 
CPE SHAPER 


| PULSE | 
ERROR 
| DETECTOR 
pk PULSE ace "PULSE 
SHAPER SHAPER 25S 


a 
| Be. 0S 9 


in 


SB 


Tc 7274603.1 
Real time 5-decade counter. 
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HEF4538B 


HEF4541B 


7282336.1 


Dual precision monostable 


multivibrator. control inputs 


BINARY 


POWER-ON COUNTER 


RESET 


Programmable timer. 


HEF4543B 


5 3 2 
Pai Pe. Pes 
LATCHES 


DECODER 


HEF4555B 


Dp 


7272880.2 


BCD to 7-segment 
latch/decoder/driver. 


7269544.2 
Dual 1-of-4 decoder/ 
demultiplexer. 


FUNCTIONAL 
DIAGRAMS 


HEF4539B 
14 12 


6 [5 |4 |3 
Sees 


MULTIPLEXER | | | MULTIPLEXER 


10 


11.412 


7Z69543.3 


Dual 4-input multiplexer. 


7Z83068.2 


HEF4556B 


7285105 


Dual 1-of-4 decoder/ 
demultiplexer. 
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FUNCTIONAL 
DIAGRAMS 


HEF4597B HEF4585B 


SHIFT REGISTER 


64-BITS 


7272875.2 


1-to-16 bit variable length shift register. 


HEF4720B; V 


7272885.2 
4-bit magnitude 
comparator. 
DECODER 


DECODER 
READ/ 
WRITE 
CIRCUIT 


INPUT 
BUFFER SELECT 
O 


16 


INPUT 
BUFFERS 


OUTPUT 
BUFFER 


7Z64889.3 


256-bit, 1-bit per word RAM. HEF4731B; V 


64-BIT 
STATIC SHIFT 


HEF4724B REGISTER 


64-BIT 
STATIC SHIFT 
REGISTER 


64-BIT 
STATIC SHIFT 
REGISTER 


64-BIT 
STATIC SHIFT 
REGISTER 


7Z73721.2 / 7274633.1 


8-bit addressable latch. Quadruple 64-bit static shift register. 
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FUNCTIONAL 
DIAGRAMS 


HEF4737B; V 


LATCHES LATCHES } LATCHES 


S 
8 MULTIPLEXER 


72Z69202.3 


Cuadruple static decade counter. 


7 7 | | | | October 1980 59 


09 


O 
© 
‘+ 
Oo 
o 
) 
= 
— 
<e) 
oO 
© 


icats 
Ota 


Osp 


HEF4738V 


IRFD IDAC ODAV WFC iATN IDAV ORFD ODAC Odvd_ irdy Isr Ored Otct Otrg 


HEF4738V 


ACCEPTOR 
HANDSHAKE 


SOURCE 
HANDSHAKE 


MESSAGE DECODING 
AND 


ADDRESS COMPARISON 


TALKER LISTENER 


MLA ,MTA, UNL 


PPE ,PPD,PPU, 
PPC,PCA 


DIO1 to DIO4 


ROS SERVICE REQUEST 


DEVICE CLEAR 
clr 


SRQ 


cP Ipon TREN Oloc ; iiDY OP1 OP2 OP3 _ OPP Oclr 7278623 


IEC/IEEE bus interface. 


VDD 


Vss 


= 
gS 
BS 
Da 
> O 
<Z 
On > 

ie 


HEF4750V 


: - P_MOS 
PHASE t—>} SWITCH 
COMPARATOR| [----—- 


PC2 


REFERENCE 
OSCILLATOR 
& BUFFER 


+1 to 1024 


PHASE COMPARATOR 
(SAMPLE & HOLD TYPE} 
PC1 


PROGRAMMING 
LOGIC 


PROGRAMMING 
LOGIC 


PHASE 
MODULATOR | 


osc XTAL |NSg INS] Ap Ag |OUT TcB |MOD|STB. |TRA TCA 
22 21 23 24 F 26 {25 |1 [3 |27 f2 6 5 7 


programming inputs 


| reference divider Cp =F Ra Ca Co 
bi y, J Vop ‘| ‘7 44 
crystal standard 
external circuitry 7284473 


Frequency synthesizer. 


O86L 4990190 


= 
gS 
BO 
pa 
>O 
<Z 
OO > 

ze 


L9 


FUNCTIONAL 
DIAGRAMS 


HEF4751V 


4 13 {2 {1 15 11 410 |9 {8 |7 |6 45 13 12 


PROGRAMME 
COUNTER 


PRESCALER 
=1,2,5,10/11 


beeen 


switches 1 4 


28 +(|14 7284471 


Universal divider. 
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HEF4753B 


PREDIVIDERS 


MULTIPLEXER 


SYNCHRONIZATION 
AND 
EDGE-DETECTION 


8-BIT 
PROGRAMMABLE 
COUNTER 


MODE SWITCH 
OUTPUT MULTIPLEXER 


Universal timer module. 


HEF4754V 


27 | Vref max 


DIVIDER 
CIRCUITRY 


1 OSCILLATOR 


SELECTOR 


7285217 


18-element bargraph LCD driver. 


FUNCTIONAL 


DIAGRAMS 


7283573 


October 1980 


63 


FUNCTIONAL 
DIAGRAMS 


BUSY, 
DP, ERR 


HD 
MLO, ML1 


HEF4755V 


(1) 
BIT CHECK 
CONTROL 
& 


STATUS 
REGISTER 


SHIFT 
REGISTER 
FOR 
FORMAT 
PROTECTION 
START & 
CODE © CHECKING 


GENERATOR 


(1) 


(1) Only used in the asynchronous mode. 


64 May 1983 


MI 


(1) 
START 
CODE 
RECOGNITION 


REDUNDANCY 
BYTE 
CALCULATOR 
& 
CHECKER 


MO 
MOS 


7284756 


Transceiver for serial data communication. 


HEF40097B HEF40098B 


7275394.1 7284403 


3-state hex non-inverting 3-state hex inverting 
buffer. buffer. 


HEF40760B 


7275109.2 


4-bit synchronous decade counter 
with asynchronous reset. 


FUNCTIONAL 
DIAGRAMS 


HEF40106B 


7274608.1 


Hex Schmitt trigger. 
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FUNCTIONAL 
DIAGRAMS 


HEF40161B 


7285115 


4-bit synchronous binary counter 
with asynchronous reset. 


HEF40162B 


PARALLEL LOAD Cl al 


6 
11 


7Z275110.2 


4-bit synchronous decade counter 
with synchronous reset. 


HEF40163B 


to 


11 7Z85116 


4-bit synchronous binary counter 
with synchronous reset. 
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FUNCTIONAL 
DIAGRAMS 


HEF40174B 


7273706.2 


Hex D-type flip-flop. 


HEF40175B 


Quadruple D-type flip-flop. 


HEF40192B HEF40193B 


UP/DOWN 
COUNTER 


UP/DOWN 
COUNTER 


7Z69546.3 7269546.3 


4-bit up/down decade counter. 4-bit up/down binary counter. 
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FUNCTIONAL 
DIAGRAMS 


HEF40194B 

2 |3 |4 {5 |6 

Psp [Po [Pa [Pe [Pa] 

ec CONTROL LOGIC 
Aa eel 


Do Og 


FF1 to FF4 


HEF40195B 


4-bit universal 
shift register. 


7Z69826.3 


HEF402448 


Spear once sea 


Octal buffers with 3-state outputs. Octal buffers with 3-state outputs. 
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FUNCTIONAL 
DIAGRAMS 


HEF40245B HEF40373B 


1 


7 \ 


ies] 


7Z83575 


Octal transparent latch with 3-state outputs. 


7 Any 
ES = 


HEF40374B 


4 


3-STATE 
OUTPUTS 


alas 
ie! 


es) 


7283577 


Octal D-type flip-flop with 3-state outputs. 


rh 
LE! 


Aaa 
| 


7283581 


Octal bus transceiver with 
3-state outputs. 
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PIN DESIGNATIONS 


PIN 
DESIGNATIONS 
Ty 0% 03 


HEF4001B 
0, 


Yop Dp; Dnjp3 Sp3 G3 


HEF4007UB 


HEF4O06B 
nc. CP De Dg Dp Vss 


22 Suz nz 


O2 CP2 Cp2 

HEF4013B 

6, CP; Cp, DO, 
Tee eee oe 
7Z69481 7269482 
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PIN 
DESIGNATIONS 


MRg Oop O18 O28 O34 CPa 
HEF4015B 
O20 O10, Oona MRa Da Vss 


CPo: CP; Oesg0gr Op. Og 
HEF4017B 


O13. Os 
3 | 


O, 0, CP, Coy Kj 


HEF4027B 


7269493 7269494 


74... ~~~ October 1980 


PIN 
DESIGNATIONS 


O, A; Ag 
HEF4028B 


I, ne. nec. ne. nc. A/B CO 
HEF4030B 


0, O2 13 


HEF4031B 


nc. nc. nc. O¢3 O63 Vss 


7Z69498 


Oy Ou I; 03 oF 
HEF4O41B 


7273686.2 1Z273688.2 


_October 1980 75 


PIN 
DESIGNATIONS 


Vob 


OSCILLATOR 
OUTPUT 


RETRIGGER 
0 
O 


MR 


72745657.1 


Za “Via Yoa 
HEF4053B 


Yic Ze Yoo E 
| 


O7 Og MR RS Rc Cre 


HEF 4060B 


7284432 
7Z69712 


76 October 1980 


PIN 
DESIGNATIONS 


7273693.) 7269506 


ae o. Ben 


HEF4075B 


7 7 oe. 
HEF4O77B 


Oy O3 CP Vss 


L7} [8] 


7272868.2 


726950911 7Z69510 


October 1980 77 


PIN 
DESIGNATIONS 


5} Le} Lz] Ls! 


7274613.1 


fe] fre] Fa] 3 


D3g O28 D2g 074g 01g Opp Dog EOg STg MRg 


HEF4508B 


7274604.2 


7273716.1 


78 October 1980 


O, UP/ MR 


HEF4510B 


PIN 
DESIGNATIONS 


HEF4517B 


016A [48A CPn Og 4a 0320 Pa Yss 


7269513.2 PE/EOn 7274571.1 


HEF 4522B 


PL CP, Pg CPg Og Vss 


HEF 4527B 


Sc Sp PL 0, 0, 


Meera 7284349 


October 1980 79 


PIN 
DESIGNATIONS 


Vob CPE Cext2 EO SD 0; 02 03 OS3 EOS OS2 TC Cop ip log Op Op 
HEF4534B HEF4538B 
Cext MR OER CPA Sa a: O20 OF MRsc oe _OS4 Vss 
7274602.1 7282335.1 
So [3p Top Tip Tog Op] 
HEF4539B HEF4541B 
T3a Ton Tin Ton On Vs5 Rtc Ctc_RS_nc. AR MR Vss 
3] [12| [14] [10] [9 | 
Lg lig l32 0 O A/B 
HEF 4557B 
MR_CP9 CPi 0g Da Vss 
HEF4720B 
HEF4720V 
Ao Ay A2 n.c. Vop A3 Ay Vss 
7Z274260.2 


60 October 1980 


PIN 
'\ DESIGNATIONS 


CO Anas PS GE SERMON CHORES OARCAT PLA VOC DAT A/T RAO 


ee 
REDON DT RY TI 


dil bal fel Jol Pel Tet 
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INTRODUCTION 


INTRODUCTION TO THE HE4000B FAMILY DATA SHEETS 


The LOCMOS HE4000B range is a fully buffered digital integrated circuit family which meets the 
Jedec-B specification. The members of this family are pin-compatible with the well-known 

C-MOS 4900 and 14500 ranges. The HE family has the same advantages as conventional C-MOS cir- 
cuits, plus the additional LOCMOS advantages. 


LOCMOS means: Local Oxidation Complementary MOS. 


The main effect of LOCMOS is a considerable reduction in the chip area required for a given function. 
Also important is the reduction in stray capacitance due to the smaller contact areas - hence the higher 
switching speed. Another benefit, brought about by the manufacturing process, is the self-alignment of 
the source and drain diffusions. This means that tolerance margins in the diffusions are unnecessary, 
thus further reducing the stray capacitances. 


Advantages of C-MOS: 


@ low power dissipation - typically 10 nW per gate (static); 

® wide operating supply voltage range; 

@ wide operating temperature range - —40 to + 85 OC; 

@ high d.c. fan-out; 

@® inputs and outputs are protected against electrostatic voltages. 


In addition to these, the LOCMOS HE4O00B range has: 


buffered outputs on all circuits: 

@ higher speed; 

@ higher packing density - essential for MSI/LSI; 
@ excellent noise immunity. 


The HE family is designed with standardized output drive characteristics which, combined with relative 
insensitivity to output capacitance loading, simplify system design. 


Note 


On page 1 of most of the device data sheets are shown a pinning diagram together with a functional 
diagram. In addition to this functional diagram, a more detailed logic diagram is given, which also 
shows the buffered outputs. 
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BUFFERED OUTPUTS 


To minimize any pattern sensitivity of propagation delay, and to standardize delay and output drive, 
all HE family devices have an output buffer stage (see Fig. 1). Buffering improves the static 

noise immunity because the increased voltage gain gives nearly ideal transfer characteristics and the 
low output impedance gives significant improvement of the dynamic noise immunity. Significant 
pulse shaping is obtained because output transitions are virtually independent of input rise and fall 


times. 
A Vop 
B 
"1 output 
Vss 


7273744 


Fig. 1 Two-input NOR gate with fully buffered 
output; a typical LOCMOS circuit. 

In an unbuffered device the output would be 
taken from the point marked”. 


72737411 


unbuffered 
C-MOS gate 


tus input 


fully buffered 


0 0,2 0,4 0,6 0,8 1,0 
time (ys) 


(a) 


7Z273740.,1 


unbuffered 


0 5 10 15 
input V, (V) 

Fig. 2 Typical transfer characteristic 

showing improvement in buffered 


LOCMOS device as compared with 
unbuffered C-MOS device. 
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fully buffered LOCMOS 


1us input 


unbuffered 
C-MOS gate 


0,2 0,4 0.6 0,8 1.0 
time (ps) 


(b) 


Fig. 3 The two graphs show how the output transitions are independent of input rise time (a) and fall 


time (b). 
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DESIGN CONSIDERATIONS 


General 


Local Oxidation Complementary MOS digital integrated circuits of SSI and MS! complexity have been 
hailed as the ideal logic family. A few LOCMOS devices, such as bidirectional analogue switches, exploit 
the unique feature of C-MOS technology; some take advantage of the smaller device size and higher 
potential packing density to achieve true LSI complexity, and perform logic functions that have been 
available in TTL for may years. Therefore, it is both helpful and practical to compare the performance 
of LOCMOS with that of the more familiar TTL (see table below). 


LOCMOS speed is about three to six times lower than TTL or low-power Schottky (LS-TTL). Static 
noise immunity and fan-out are almost ideal, supply voltage is non-critical, and the quiescent power 
consumption is close to zero — several orders of magnitude lower than for any competing technology. 


For dynamic noise immunity, see NOISE IMMUNITY. 


standard low-power 4000 4000 4000 
TTL Schottky LOCMOS LOCMOS LOCMOS 
5V 10 V 15 V 


propagation delay 
C= 1b pr 

flip-flop clock 
frequency 


quiescent power 


noise immunity 


fan-out 


* Or as determined by permissible propagation delay. 


Supply voltage range 


LOCMOS is guaranteed to function over the unprecedented range of 3 to 15 V supply voltage. Charac- 
teristics are guaranteed for 5, 10 and 15 V operation and can be extrapolated for any voltage in be- 
tween. Operation below 4,5 V is not very meaningful because of the increase in delay (loss of speed), 
the increase in output impedance and the loss of noise immunity. Operation above 15 V is not rec- 
ommended because of high dynamic power consumption and risk of noise spikes on the power supply 

exceeding the breakdown voltage (typ. > 20 V), causing SCR-latch-up and destroying the device unless 
the current is externally limited. 


The lower limit of power supply voltage, including ripple, is determined by the required noise immunity, 
propagation delay or interface to TTL. The upper limit of supply voltage, including ripple and transi- 
ents, is determined by power dissipation or direct interface to other logic. The HEF4049B, HEF4050B 
and HEF4104B provide level transition between TTL and LOCMOS when LOCMOS supply voltages 
over 5 V are used. 


Low static power consumption combined with wide supply voltage range make LOCMOS the ideal 
logic family for battery-operated equipment. 
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Power consumption 


Under static conditions, the p-channel and the n-channel transistors are not conducting simultaneously, 
thus only leakage current flows from the positive (Vpp) to the negative (Vss) supply connection. 

This leakage current is typically 0,5 nA per gate, resulting in a very attractive low power consumption 
of 2,5 nW per gate (at 5 V). 


Whenever a LOCMOS circuit is exercised, when data or clock inputs change, additional power is con- 
sumed to charge and discharge capacitances (on-chip parasitic capacitances as well as load capacitances). 
Moreover, there is a short time during the transition when both the p-channel and n-channel transistors 
are partially conducting. This dynamic power consumption is obviously proportional to the frequency 
at which the circuit is exercised, to the load capacitance and to the square of the supply voltage. 

As shown in Fig. 4, the power consumption of a LOCMOS gate exceeds that of a low-power Schottky 
gate somewhere between 500 kHz and 2 MHz of actual output frequency. Comparing the power con- 
sumption of more complex devices (MS!) in various technologies may show a different result. 


In any complex design, only a small fraction of the gates actually switch at the full clock frequency, 
most gates operate at a much lower average rate and therefore consume much less power. A realistic 
comparison of power consumption between different technologies involves a thorough analysis of the 
average switching speed of each gate in the circuit. 


The maximum values of the quiescent device current (Ipp) are given in the Family Specifications, the 
typical dynamic power dissipation is given in the individual data sheets. The total device power dissi- 
pation is the sum of the quiescent and dynamic power dissipation. 


7273754.1 


Fig. 4 Typical power dissipation per 
gate as a function of input frequency 
for several logic families. 


1 Schottky TTL 
2 Standard TTL 
3 Low-power Schottky 


10 4 LOCMOS (Vpp = 15 V) 
5 LOCMOS (Vpp = 10 V) 
10~2 6 LOCMOS (Vpp =5 V) 
1073 
10-4 
102 102 10% 105 108 10’ 108 109 | 
f- (Hz) 
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Additional power consumption (due to slow input rise and fall times) 


As long as the input voltage of a LOCMOS circuit is below the N-transistor threshold voltage, or higher 
than the supply voltage minus the P-transistor threshold voltage, one of the input transistors is always 
in the OFF-state and no ‘through’ current flows in the input stage. 


When the input voltage equals the N-transistor threshold voltage (typ. 1,5 V), the N-transistor starts 
conducting and a drain current starts to flow. 


Figure 5 shows the drain current as a function of the input voltage for a typical LOCMOS input. 


7Z83561 
drain 
current 
ig) 
VT | Vpp-Yr | 
"laVop Vop 


input voltage (V; ) 


Fig. 5 Dratn current as a function of input voltage. 


This drain current reaches a maximum at 2 Vpp and the peak value depends on the geometrics of the 
transistors used. This current is proportional to Vpp", in which n > 2. 


For Schmitt triggers, unbuffered types, and circuits comprising a single stage inverter, typical current 
transfer characteristics are given in the device data sheets. 


When squarring up slow pulses by means of Schmitt triggers, the through current gives additional 
power consumption. | | 

By applying RC-oscillators, or oscillators constructed with Schmitt triggers, the phenomenon described 
gives a frequency-independent power consumption. 


INTRODUCTION 


Propagation delay 


Compared to TTL and LS-TTL, all C-MOS devices are slow and very sensitive to capacitance loading 
(see Fig. 6). 


The HE family uses both advanced processing (L.OCMOS) and improved circuit design (buffered gates) 
to achieve propagation delays and output transition times that are superior to any other junction- 
isolated C-MOS design. 


LOCMOS processing achieves lower parasitic capacitances which reduce the on-chip delay and increase 
the maximum clock frequency of flip-flops, registers and counters. Buffering all outputs, even on gates, 
results in lower output impedance and thus reduces the effect of capacitive loading. 


Propagation delay is affected by three parameters: capacitive loading, supply voltage, and temperature. 


5 ise ee 71273750 
o Tamb = 25°C 
@ 
70 
ae) 
® 
N 
rs “LOCMOS 
E Vop=9V 
rs) 
= 3 | ; 


Fig. 6 Normalized propagation delay as a function 
of load capacitance for TTL, C-MOS and LOCMOS. 


Capacitive loading effect 


Historically, semiconductor manufacturers have always specified the propagation delay at an output 
load of 15 pF, not because this was considered a representative systems environment, but rather 
because it was the lowest practical test-jig capacitance. It also generated the most impressive specifi- 
cations. For example, TTL with an output impedance in the LOW state of typically 25 Q is little 
affected by an increase in capacitive loading. LOCMOS, however, with an output impedance of typi- 
cally 250 Q (at 5 V) is 10 times more sensitive to capacitive loading. As an example Fig. 7 shows the 
positive and negative-going delays as functions of load capacitance for the HEF4011B and Fig. 8 shows 
the output transition times for standard output stages. For detailed information see Family Specifi- 
cations and the individual data sheets. It should be noted that most unbuffered gates have an even 
higher output impedance, a larger dependence on output loading, and do not show the same symmetry. 
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7273736.1 


Fig. 7 Positive and negative-going propagation 
delay as functions of load capacitance for the 
HEF4011B. 


C, (pF) 


7273751.1 


100 


Fig. 8 Output transition times as functions 
of load capacitance. 


Supply voltage effect 


1. Speed; Fig. 9 shows propagation delays as functions of supply voltage. The best choice for slow 
applications is 5 V. For reasonably fast systems, choose 10 or 12 V. Any application requiring 
15 V to achieve short delays and fast operation should be investigated for excessive power dissi- 
pation and should be weighed against an LS-TTL approach. 

2. Noise immunity; improves with higher supply voltage (see NOISE IMMUNITY). 


7273734.) 


Fig. 9 Propagation delays (symmetrical) 
as functions of power supply voltage for 
the HEF4011B. 
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Temperature effect 


The temperature dependence of LOCMOS is much simpler than with TTL, where three factors con- 
tribute: increase of beta with temperature, increase of resistor value with temperature, and decrease 
of junction forward voltage drop with increasing temperature. In LOCMOS, essentially only the carrier 
mobility changes, thus increasing the impedance, and hence the delay, with temperature. For more 
details see Family Specifications and the individual data sheets, for example see Fig. 10. 


7273739.1 


PHL 
tPLH 
(ns) 


eS = 3025. 10 25 50 75 100 125 


Tamb (°C) 


Fig. 10 Propagation delays as functions of ambient temperature, with Vpp = 10 V for HEF4011B. 


Noise immunity 


One of the most advertised and also misunderstood C-MOS features is noise immunity. The input 
threshold of a C-MOS gate is approximately 50% of the supply voltage and the voltage transfer curve 
is almost ideal. As a result, LOCMOS can claim very good voltage noise immunity, typically 45% of 
the supply voltage, i.e., 2,25 V ina 5 V system, 4,5 V ina 10 V system and 6,75 V ina 15 V system. 
Compare this with the TTL transfer curve in Fig. 11 and its resultant 1 V noise immunity in a lightly 
loaded system and only 0,4 V worst case. Fig. 12 shows the transfer characteristic between —55 and 
+125 °C, 


Since LOCMOS output impedance, output voltage and input threshold are symmetrical with respect 
to the supply voltage, the LOW and HIGH level noise immunities are practically equal. Therefore, a 
LOCMOS system can tolerate ground or Vpp drops and noise on these supply lines of more than 1 V, 
even in a5 V system. Moreover, the inherent LOCMOS delays act as a noise filter; 10 ns spikes tend 
to disappear in a chain of LOCMOS gates, but are amplified in a chain of TTL gates. Because of these 
features, LOCMOS is very popular with designers of industrial control equipment that must operate in 
an electrically and electromagnetically ‘polluted’ environment. 


Unfortunately these impressive noise margin specifications disregard one important fact: the output 
impedance of LOCMOS is 3 to 10 times higher than that of TTL. C-MOS interconnections are 
therefore less ‘stiff’ and more susceptible to capacitively coupled noise. In terms of such current- 
injected crosstalk from high noise voltages through small coupling capacitances, the tables on the next 
page give a comparison between LOCMOS and TTL/LS-TTL. 
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6 7273743 7273747 


Tamb = 25°C 


TLOOTTL 


LOCMOS 


V; (V) 
Fig. 11 Typical transfer characteristic Fig. 12 Voltage transfer characteristic 
for TTL and LOCMOS. over —55 to + 125 °C range. 
LOCMOS/TTL (normalized to TTL) LOCMOS/LS-TTL (normalized to LS-TTL) 


VoD 5V 10 V 15 V Vop 5V 10 V 15 V 
factor 0,5 1 2 factor 1 3 5 


From the tables can be seen that LOCMOS operating at Vpp = 10 V has a dynamic noise immunity 
which is comparable with TTL and 3 times as good as LS-TTL. 


In terms of voltage injected noise the nearly ideal transfer characteristic and the relatively slow response 
of LOCMOS circuits make them at least 5 times less sensitive to magnetically coupled noise than TT L/ 
LS-TTL. 
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Input protection | 


The gate input to any MOS transistor appears like a small value (< 1 pF), very low leakage (< 1 pA) 
capacitor. Without special precautions, such inputs could be electrostatically charged to a high voltage, 
causing a destructive breakdown of the dielectric and permanently damaging the device. Therefore, all 
LOCMOS inputs are protected by a combination of series resistor and shunt diodes. Different manu- 
facturers have different approaches; some use a single diode, others use two diodes, and some use 

a resistor with a parasitic substrate diode. 


With the exception of a few devices, each member of the HE family utilizes a series resistor, nominally 
400 £2, and two diodes, one to Vpp, and the other to Vsg (see Fig. 13). The resistor is a polysilicon 
‘true resistor’ without a parasitic substrate diode. This ensures that the input impedance is always at 
least 400 {2 under all biasing conditions, even when Vpp is short-circuited to Vss. A parasitic 
substrate diode would represent a poorly defined shunt to Vsg in this particular case. 


The diodes exhibit typical forward voltage drops of 0,9 V at 1 mA and reverse breakdown voltages of 
20 V. For certain special applications such as oscillators, the diodes actually conduct during normal 
Operation, in this case the current shou!d be limited to 1 MA. Input currents averaging 10 mA or more 
may destroy the device. 


Vop 


| 


D2 input to logic 


to logic 
t 
ree 400 0 transistors D1 
nominal 
7Z83562 
7273746 
Vss 
Fig. 13 Standard HE family LOCMOS Fig. 14 The input protection for the 
input protection circuit. HEF4049B and HEF4050B. 


Figure 14 shows the input protection for the types HEF4049B and HEF4050B. Diode D1 is the 
inherent drain to Vgs diode of the protection device. Under operational conditions, this input may 
exceed the supply voltage Vpp. 


Power supply regulation and decoupling 


The LOCMOS technology suggests that any supply voltage between 3 and 15 V will do, thus rendering 
supply voltage regulation unnecessary. However, it must be realized that the supply voltage has | 
influence on the system speed (see Fig. 9), noise immunity (see Figs 11 and 12) and dissipation (see 
Fig. 4) and see text concerning all these Figures. 


Any dynamic system generates voltage spikes on the supply line. These spikes influence the noise im- 

munity, they may damage the circuit, or may have a negative influence on proper operation of the 

circuit. Therefore a matched decoupling of the supply line is necessary. Generally an electrolytic 

capacitor of 3 uF per 10 devices is sufficient. However, some circuits require special attention: 

1. HEF4511B: BCD to 7-segment latch/decoder/driver; an electrolytic capacitor of 3 uF should be 
added to each device to avoid excessive voltage spikes due to high di/dt. 

2. HEF4528B: dual retriggerable/resettable monostable multivibrator; for circuits of this nature it is 
recommended to use proper decoupling to avoid pulse length variations due to supply line ripple. 

3. Circuits that operate in the linear mode, such as RC or crystal oscillators, a minimum supply voltage 
of at least 4 V is recommmended. | 
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3-state outputs 


i >— 0 


Function table 


H = HIGH state (the more positive 


voltage) 
EO | ie ewecs L = LOW state (the less positive 
voltage) 
x : Z X = state is immaterial 
L L Z =high impedance OF F-state 
Fig. 15 Logic symbol of a H H H 
3-state output. 
3 V 
PT P2 P3 DD 
P5 
P4 
N4 O 
N5 


EQ = | 7283560 


Fig. 16 Circuit diagram of 3-state output. 


When EO is HIGH, the output is enabled and the transistors P4 and N4 act as a transmission gate, and 
they connect the gates of the output transistors together. A LOW level at EO puts the output in the 
high impedance OF F-state; transistors P3 and N3 function as pull-up and pull-down transistors 
respectively. 
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FAMILY 
SPECIFICATIONS 


These specifications cover the common electrical characteristics of the entire HE4000B family, unless 
otherwise specified in the individual device data sheet. 


The LOCMOS HE4000B family devices will operate over a recommended Vpyp power supply range of 
3 to 15 V, as referenced to Vs (usually ground). Parametric limits are guaranteed for Vpp of 5, 10 
and 15 V. Because of the wide operating voltage range, power supply regulation is less critical than 
with other types of logic. The lower limit of the supply voltage is 3 V, or as determined by required 
system speed and/or noise immunity or interface to other logic. The recommended upper limit is 15 V 
or as determined by power dissipation constraints or interface to other logic. Unused inputs must be 
connected to Vpp, Vss or another input. Inputs and outputs are protected against electrostatic effects 
in a wide variety of device-handling situations. However, to be totally safe, it is desirable to take hand- 
ling precautions into account. 


RATINGS | 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage Vpp —0,5to+18 V 
Voltage on any input V\ —0,5 to Vpp + 0,5 V 
D.C. current into any input or output cee max. 10 mA 
Power dissipation per package (for plastic and ceramic DIL) 
for Tamb = —40 to + 70 °C Prot max. 500 mw  «+— 
for Tamb = + 70 to + 85 OC derate linearly with 
8 mW/K Bago. 
Power dissipation per package (for plastic SO mini-pack) 
for Tamb = —-40 to + 70 OC Prot max. 400 mw <*— 
for Tamb = + 70 to + 85 °C derate linearly with 
6 mW/K <= 
Power dissipation per output P max. 100 mW 
Storage temperature Tstg ~65 to +150 °C 
Operating ambient temperature Tamb —40to +85 °C 
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D.C. CHARACTERISTICS Vss = 0 V; for all devices unless otherwise specified 


Tamb (°C) 


parameter V symbol _40 $95 +85 unit conditions 
| min. max. min. max.}| min. max. 


Quiescent device current 


o 
“U 
Mm 
O - 
Ti > 
Os 
= 
O 
Z 
Oi 


O 
‘?) 
pars 
°) 
oO 
© 
“~ 
— 
co 
oO 
io) 


gates 2,0 
3 4,0 


buffers, flip-flops 8,0 


16,0 all valid input combinations; 


V;=Vss or Vpp 


Output voltage LOW 0,05 | V,;=Vss or Vpp;: | lo |< 1 WA 


Output voltage HIGH — V, = Vss or Vpp:|!o |< 1 pA 
Vo = 0,5 V or 4,5 V | 

Vo =1,0Vor 9,0 V |!o] <1HA 
Vo =15Vor135V | 

Vo =0,5Vor 4,5 V 

V9 =1,0V or 9,0V Jlo]<1 uA 
Vo=15Vor135V | 


Input voltage LOW 3,0 
(buffered stages only) 4,0 


Input voltage HIGH — 
(buffered stages only) = 


V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 


D.C. CHARACTERISTICS (continued) Vss = 0 V; for all devices unless otherwise specified 


parameter V symbol conditions 
| 
Input voltage LOW 5 — 1 _ 1 — 1 )}V Vo=0,5 Vor 4,5 V | 
(unbuffered stages 10 VIL ~ — 2 — 2 |V Vo=10Vor 9,0V | |Igi/<1HA 
only) | 15 | _ 2,5 — 2,5 — 2,5 |V \Vo=1,5 V or 13,5 V | . 
Input voltage HIGH S. | 4 ~_ 4 — 4 — Vo W9o=0,5 Vor 4,5 V | 
(unbuffered stages 10 Vin 8 — 8 — 8 — Vi Vo=10Vor 9,0 V ; |lo J< 1 BA 
only) 15 12,5 — 12,5 — 12,5 — Vo Vo = 1,5 V or 13,5 V- 
Output (sink) 5 | 0,52 — 0,44 — 0,36 — mA |\Vo= 04V;V;=Oor 5V | 
current LOW 10 lOL ; 143 = 1,1 — 09 — |mA \Vo= 0,5V;V;=Oor10V 
15 3,6 — 3,0 — 2,4 — mA Vo = 1,5 V;V;=Oor15V 
Output (source) | 5 052 -— 044 -— |036 -— |mA\V9o= 46V;V,;=Oor 5V 
current HIGH 10 —lIOH ; 1,3 — 1,1 — 0,9 — MA |Vo= 9,6 V;V;=QOor 10V 
15 | 3,6 — 30 —- 2,4 — MA V9 = 13,5 V;V;=Oor15V | 
Output (source) | 
current HIGH 5 —IOH 1,7 _ 1,4 — 1,1 — mA Vo= 2,5V;V;=Oor 5V | 
Input leakage current 15 +lin ae 0,3 — 0,3 — 1,0 |wA |V;=Oor15V 
3-state output 
leakage current; HIGH | 15 lOZH — 1,6 — 1,6 — 12,0 |wA joutput returned to Vpp 
3-state output 
leakage current; LOW 15 —lOZL — 1,6 — 1,6 — 12,0 |yA joutput returned to Vss 
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P-channel drain characteristics (source) 


Note 


Temperature coefficient: —0,4%/°C. 
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A.C. CHARACTERISTICS 


Clock input rise and fail times (t,, tr) 


The upper limits on t; and t¢ vary widely from device to device and with supply voltage. Unless other- 
wise specified in the individual data sheets it is recommended that input rise and fall times be less than 
15 us for Vpp = 5 V; 4.us for Vpp = 10 V; 1 us for Vpp = 15 V. 


Output transition times (ty) 4, tTHL) 
Vss =0 V; Tamb = 25 °C; Cy = 50 pF; input transition times < 20 ns 


Vpp : typical extrapolation 
Vv symbol | min. typ. max. fornia 
Output transition 
times 5 60 120 ns | 10 ns+ (1,0 ns/pF) Cy. 
HIGH to LOW 10 tTHL 30 60 ns | 9ns+ (0,42 ns/pF) Cy 
15 20 40 os 6 ns + (0,28 ns/pF) Cy 
5 60 120 ns | 10ns+(1,0ns/pF) Cy 
LOW to HIGH 10 tTLH 30 60 ons 9 ns + (0,42 ns/pF) Cy 
15 20 6 ns + (0,28 ns/pF) Cy 


Temperature coefficient (typical values) 


Propagation delays +0,35%/°C 
Output transition times +0,35%/°C 


Input capacitance (digital inputs) 
Maximum input capacitance C; = 7,5 pF. 
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FAMILY 
SPECIFICATIONS 


Set-up times, hold times, recovery times and propagation delays for sequential logic circuits. 


ee ees ae 
VoD 
CLOCK 
INPUT 
10% Vee 
+—— thold ———+ 
VDD 
DATA A 
INPUT 50% 
=== VSS 
Tsu moa 
—e; j=—tTHL 
VOH 
OUTPUT 
VOL 
—$ tPLH <— — tPpHL << 
gee tR << 
Vpb 
SET, 
CLEAR, : 
PRESET 50% 
INPUT 
7275375 
Note 


In the waveforms above the active transition of the clock input is going from LOW to HIGH and the 
active level of the forcing signals (SET, CLEAR and PRESET) is HIGH. 

The actual direction of the active transition of the clock input and the actual active levels of the 
forcing signals are specified in the individual device data sheet. 
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FAMILY 
SPECIFICATIONS 


Propagation delays of 3-state outputs. 


—e! |<—20 ns —e| j«—20ns 
VDD 
OUTPUT 
ENABLE 
Vss 
VoD 
OUTPUT 
LOW-to-OFF 
OFF-to-LOW 
VOL 
VOH 
OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 
—— Vss 
Outputs —»j|<———— outputs ————-»|/~ — outputs 


7275376.1 connected disconnected connected 


Test circuit of 3-state output ICs. 


Vpp fortpLz.tpz- 


IC 
other 
inputs with Vss fortpHz.tPZH 
| 3-state 
v= Cy =90 pF 
output outputs 
disable y seeds 
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| FAMILY 
SPECIFICATIONS 


DEFINITION OF SYMBOLS AND TERMS USED IN DATA SHEETS 


Currents 


Positive current is defined as conventional current flow into a device. Negative current is defined as 
conventional current flow out of a device. 


lin Input current; the current flowing into a device at specified input voltage and Vpp. 

lOH Output current HIGH; the drive current flowing out of the device at specified HIGH output 
voltage and Vpp. 

lOL Output current LOW; the drive current flowing into a device at specified LOW output voltage 
and Vpp. 

IDD Quiescent power supply current; the current flowing into the Vpp lead at specified input 
and Vpp conditions. 

loz Output OFF current; the leakage current flowing into or out of the output of a 3-state device 
in the OFF state when the output is connected to Vpp or Vss. 

Lip Input current LOW; the current flowing into a device at a specified LOW level input voltage 
and a specified Vpp. 

hy Input current HIGH; the current flowing into a device at a specified HIGH level input voitage 


and a specified Vpp. 

lDDL Quiescent power supply current LOW; the current flowing into the Vpp lead with a specified 
LOW level input voltage on all inputs and specified Vpp conditions. 

IDDH Quiescent power supply current HIGH; the current flowing into the V,yp lead with a specified 
HIGH level input voltage on all inputs and specified Vpp conditions. 

l7 OFF state leakage current; the leakage current flowing into the output of a 3-state device in 
the OFF state at a specified output voltage and Vpp. 


Voltages 

All voltages are referenced to Vso, which is the mest negative potential applied to the device. 

Vpp Supply voltage; the most positive potential on the device. 

Vss Supply voltage; for a device with a single negative power supply, the most negative power 
supply, used as the reference level for other voltages; typically ground. 

VEE Supply voltage; one of two (Vss and VEE) negative power supplies. For a device with dual 
negative power supply, the most negative power supply as a reference level for other voltages. 

Vi Input voltage HIGH; the range of input voltages that represents a logic HIGH level! in the 
system. 

VIL Input voltage LOW; the range of input voltages that represents a logic LOW level in the 
system. 

VOH Output voltage HIGH; the range of voitages at an output terminal with specified output 
loading and supply voltage. Device inputs are conditioned to establish a HIGH level at the 
output. 

VOL Output voltage LOW; the range of voltages at an output terminal with specified output 
loading and supply voltage. Device inputs are conditioned to establish a LOW level at the 
output. 

Vp Trigger threshold voltage; positive-going signal. 

VN Trigger threshold voltage; negative-going signal. 


Analogue terms 


RON ON resistance; the effective ON state resistance of an analogue transmission gate, at speci- 
fied input voltage, output load and Vpp. 

ARon AON resistance; the difference in effective ON resistance between any two transmission 
gates of an analogue device at specified input voltage, output load and Vpp. 
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FAMILY 
SPECIFICATIONS 


A.C. switching parameters 


fj 


tpHZ 
tPLZ 
tPZH 
tPZL 


tR 
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Input frequency; for combinatorial logic devices the maximum number of inputs and outputs 
switching in accordance with the device truth table. For sequential logic devices the clock 
frequency using alternate HIGH and LOW for data input or using the toggle mode, which- 
ever is applicable. 

Output frequency; each output. 

Clock frequency; clock input waveform should have a 50% duty cycle and be such as to 
cause the outputs to be switching from 10% Vpp to 90% Vpp in accordance with the 
device truth table. 

Clock input rise and fall times; 10% to 90% value. 

Propagation delay time; the time between the specified reference points, normally 50% 
points on the input and output waveforms, with the output changing from the defined 

LOW level to the defined HIGH level. | 

Propagation delay time; the time between the specified reference points, normally 50% 
points on the input and output waveforms, with the output changing from the defined 
HIGH level to the defined LOW level. 

Transition time, LOW-to-HIGH; the time between two specified reference points on a 
waveform, normally 10% and 90% points, that is changing from LOW to HIGH. | 
Transition time, HIGH-to-LOW; the time between two specified reference points on a 
waveform, normally 90% and 10% points, that is changing from HIGH to LOW. 

Pulse width; the time between 50% amplitude points on the leading and trailing edges of 
pulse. 

Hold time; the interval immediately following the active transition of the timing pulse 
(usually the clock pulse) or following the transition of the control input to its latching level, 
during which interval the data to be recognized must be maintained at the input to ensure 
their continued recognition. A negative hold time indicates that the correct logic level may 
be released prior to the timing pulse and still be recognized. 

Set-up time; the interval immediately preceding the active transition of the timing pulse 
(usually the clock pulse) or preceding the transition of the control input to its latching level, 
during which interval the data to be recognized must be maintained at the input to ensure 
their recognition. A negative set-up time indicates that the correct logic level may be initiated 
sometime after the active transition of the timing pulse and still be recognized. 

3-state output disable time, HIGH to Z; the time between the specified reference points, 
normally the 50% point on the output enable input voltage waveform and a point represent- 
ing a 0,1 Voy drop on the output voltage waveform of a 3-state device, with the output 
changing from the output HIGH level (Vo}) to a high impedance OF F-state. 

3-state output disable time, LOW to Z; the time between the specified reference points, 
normally the 50% point on the output enable input voltage waveform and a point represent- 
ing a0,1 (Vpp—Vo_) rise on the output voltage waveform of a 3-state device, with the 
output changing from the output LOW level (Vo ,) to a high impedance OF F-state. 

3-state output enable time, Z to HIGH; the time between the specified reference points, 
normally 50% point on the output enable input voltage waveform and a point representing 
0,1 Voy voltage rise on the output voltage waveform of a 3-state device, with the output 
changing from a high impedance OF F-state to the output HIGH level (Vo}4). 

3-state output enable time, Z to LOW; the time between the specified reference points, 
normally the 50% point on the output enable input voltage waveform and a point represent- 
ing 0,1 (Vpp—Vo_) voltage drop on the output voltage waveform of a 3-state device, with 
the output changing from a high impedance OF F-state to the output LOW level (Vo, ). 


- Recovery time; the time between the end of an overriding asynchronous input, typically a 


clear or reset input, and the earliest permissible beginning of a synchronous control input, 
typically a clock input, normaliy measured at 50% points on both input voltage waveforms. 


DEVICE DATA 


HEF4000B ~ 


gates 


-~ 
DUAL 3-INPUT NOR GATE AND INVERTER Gs 


The HEF4000B provides the positive dual 3-input NOR function. A single stage inverting function 
with standard output performance is also accomplished. The outputs are fully buffered for highest 
noise immunity and pattern insensitivity of output impedance. 


7273672 


Fig. 2 Pinning diagram. 


7273673 HEF40O00BP : 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4000BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
Fig. 1 Functional diagram. HEF4000BT : 14-lead mini-pack; plastic 


(SO-14; SOT-108A). 


aS 
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7Z74501 
FAMILY BRIE sea Pamily 
Specificati 
Fig. 3 Logic diagram. IDpD LIMITS category GATES Ceoeeere 
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HEF4000B 


gates 


D.C. CHARACTERISTICS 
For the single inverter stage (17/03): 


see Family Specifications for input voltages HIGH and LOW faeburtered stages only). 


A.C. CHARACTERISTICS 


Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 


typ. 

Propagation delays 70 

ly to lg —® 01,09 tPpHL: tPLH | 39 

30 

45 

I7—» 0 tpHL: tpLH | 25 

(unbuffered output) 20 
Output transition 

times 60 

HIGH to LOW 30 

20 

60 

LOW to HIGH 30 

20 


20 ns 


typical formula for P (uW) 


Dynamic power 1000 f| + Z(foCL) x Vpp? 
dissipation per 7 700 f, + Z(fgCL) x Vpp?” 
package (P) 28 700 fj + Z(foCL_) x Vpp* 
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ns 
ns 
ns 


ns 
ns 
ns 


ns 
ns 
ns 


ns 
Ns 


ns . 


typical extrapolation 
formula 


43 ns + (0,55 ns/pF) Cy 
24 ns + (0,23 ns/pF) Cy 
22 ns + (0,16 ns/pF) Cy. 


18 ns + (0,55 ns/pF) Cy 
14 ns + (0,23 ns/pF) Cy 
12 ns + (0,16 ns/pF) Cy 


10 ns + (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy. 


10 ns + (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy, 
6 ns + (0,28 ns/pF) Cy 


where 

f; = input freq. (MHz) 

fy = output freq. (MHz) 
C,_ = load capacitance (pF) 
2(f oC) = sum of outputs 
Vpp = supply voltage (V) 


HEF 4000B 


gates 


Dual 3-input NOR gate and inverter 


APPLICATION INFORMATION 
The following information (Figs 4 to 7) is only for the single inverter stage (17/03). 


7284251.1 7284257.1 
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Fig. 4 Voltage gain (VQ/V}) as a function of Fig. 5 Supply current as a function of 
supply voltage. supply voltage. 


403 


7284357 


Fig. 6 Test set-up for measuring graphs of 
Figs 4 and 5. 

This is also an example of an analogue 
amplifier using the single inverter stage 
(17/03) of the HEF4000B. 
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HEF 4000B 


gates 


Rojas = 560 KS 


Vop 
0,47 uF input output 
o— se 
ee oe 
(f = 1kHz) a 
O~ , 2 See 
7284363 SS 
Fig. 7 Test set-up for measuring forward transconductance gy. = dig/dvj at Vg is constant (see also 


graph Fig. 8). 
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Curves in Fig. 8: 


A: average 

B: average + 2 s, 

C: average ~Z s, in where: 
‘s’ is the observed standard 
deviation. 
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Fig. 8 Typical forward transconductance gfe as 
a function of the supply voltage at Tamp = 25 OC. 
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HEF 40018 


gates 


-~ 
QUADRUPLE 2-INPUT NOR GATE ee 


The HEF4001B provides the positive quadruple 2-input NOR function. The outputs are fully buffered 
for highest noise immunity and pattern insensitivity of output impedance. 


7269477 


Fig. 2 Pinning diagram. 


HEF4001BP : 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4001BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
HEF4001BT : 14-lead mini-pack; plastic 

(SO-14; SOT-108A). 


7269554 


Fig. 1 Functional diagram. 


D> Depo» 


7275424.2 


Fig. 3 Logic diagram (one gate). 


FAMILY DATA 
- see Family Specifications 
IpDp LIMITS category GATES | 


@ Products approved to CECC 90 104-002. May 1983 117 


118 


HEF 4001B 


gates 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


Propagation delays — 


ly —* On 33 ns + (0,55 ns/pF) Cy 
HIGH to LOW 14 ns + (0,23 ns/pF) Cy 
12 ns + (0,16 ns/pF) Cy 

23 ns + (0,55 ns/pF) Cy 

LOW to HIGH 14 ns + (0,23 ns/pF) Cy 


12 ns + (0,16 ns/pF) Cy 


Output transition 


times 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 9 ns + (0,42 ns/pF) Cy 
| 6 ns + (0,28 ns/pF) Cy 
10 ns + (1,0 ns/pF) Cy. 
LOW to HIGH 9 ns + (0,42 ns/pF) Cy 
| 6 ns + (0,28 ns/pF) Cy. 


fy = output freq. (MHz) 
Dynamic power 
dissipation per 
package (P) 


5000 fj + Z(fgCL) x Vpp’ 2 (fC) = sum of outputs 
14 200 f, + Z(fgC_) x Vpp? Vpp = supply voltage (V) 


Vpp ——|swhere 
typical formula for P (uW) f; = input freq. (MHz) 
5 
10 
15 
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1100 f+ Z(foCL) x Vpp? C,_ = load capacitance (pF) 


HEF4001UB 


gates 


= 
QUADRUPLE 2-INPUT NOR GATE ee 


The HEF4001UB is a quadruple 2-input NOR gate. This unbuffered single stage version provides a 
direct implementation of the NOR function. The output impedance and output transition time 
depends on the input voltage and input rise and fall times applied. 


HEF4O001UB 


7283059 
Fig. 2 Pinning diagram. 


HEF4001UBP : 14-lead DIL; plastic (SOT-27K, M, T). 

HEF4001UBD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
! HEF4001UBT: 14-lead mini-pack; plastic 

1269554 (SO-14: SOT-108A). 


Fig. 1 Functional diagram. 


VoD 
Fe | O 
| 
| 
V 
7284262 SS 


Fig. 3 Schematic diagram (one gate). The splitting-up of 
the p-transistors provide identical inputs. 


FAMILY DATA 
see Family Specifications for Vj}4/V |, unbuffered stages he 


IpDp LIMITS category GATES 
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HEF 4001UB 


gates 


A.C. CHARACTERISTICS 
Vss= 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


Propagation delays 
HIGH to LOW 17 ns + (0,27 ns/pF) Cy. 


15 ns + (0,20 ns/pF) Cy 


13 ns + (0,55 ns/pF) Cy 
9 ns + (0,23 ns/pF) Cy 
7 ns + (0,16 ns/pF) Cy 


15 ns + (1,20 ns/pF) Cy. 
6 ns + (0,48 ns/pF) Ci 
4ns + (0,32 ns/pF) Cy 

10 ns + (1,00 ns/pF) Cy 

9 ns + (0,42 ns/pF) Cy 

6 ns + (0,28 ns/pF) Cy 


LOW to HIGH 


30 ns + (0,70 ns/pF) Cy 
Output transition 
times 
HIGH to LOW 


LOW to HIGH 


Input capacitance 


where 

f; = input freq. (MHz) 

f= output freq. (MHz) 

Dynamic power 500 f; + X(fgCL) x Vpp’ C, = load capacitance (pF) 
dissipation per 5000 f; + Z(fgCL) x Vpp? L(foCy_) = sum of outputs 
package (P) Vpp = supply voltage (V) 
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HEF 4001UB 


gates 


Quadruple 2-input NOR gate 


Le 500 
Vo ee In 
(V) — (yA) 
250 


Fig. 4 Typical transfer characteristics; 

one input, the other input connected to Vss; 
— Vo; — — — Ip(drain current); lo = 0; 
Vpop=5V. 


Fig. 5 Typical transfer characteristics; 

one input, the other input connected to Vss; 
— Vo; — — — |p(drain current); 1g = 0; 
Vpp = 10 V. 


Fig. 6 Typical transfer characteristics; 

one input, the other input connected to Vss; 
—— Vo; — — — Ip(drain current); Iq = 0; 
Vpp = 15 V. 
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HEF 4001UB 


gates 


122 


R pias = 560k2 


0,47 uF 
Vj N 
(f= 1kHz) lo ™ 
Ss. 


7284363 


Fig. 7 Test set-up for measuring foward transconductance 
Ofs = dig/dv; at Vo is constant (see also graph Fig. 8). 


7284364 


Curves in Fig. 8: 


A : average, 

B : average + 2s, 

C : average —2 s, in where: 
s’ is the observed standard 
deviation. 
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Fig. 8 Typical forward transconductance gf, as a 
function of the supply voltage at Tamp = 25 OC. 
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Quadruple 2-input NOR gate HEF4001UB 


gates 


APPLICATION INFORMATION 
Some examples of applications for the HEF4001UB are shown below. 


Because of the fact that this circuit is unbuffered, it is suitable for use in (partly) analogue circuits. 


1/4 HEF 4001UB_ 1/4 HEF 4001UB 


Vss | C 7284264 


forward voltage 
clamping diode 


(b) 


7Z71571 


Fig. 9(a) Astable relaxation oscillator using two HEF4001UB gates; the diodes may be BAW62; C2 is 
a parasitic capacitance. (b) Waveforms at the points marked A, B, C and D in the circuit diagram. 


In Fig. 9 the oscillation frequency is mainly determined by R1C1, provided R1 << R2 and 
R2C2 << R1C1. 
The function of R2 is to minimize the influence of the forward voltage across the protection diodes on 
the frequency; C2 is a stray (parasitic) capacitance. The period Tp is given by Tp =T1+ T9, in which 
V + V —V 
T,=RIC1 In ODES a T> = RIC1 In gel] nin ie 
VST Vpp — VST : 
VsT is the signal threshold level of the gate. The period is fairly independent of Vpp, VsT and 
temperature. The duty factor, however, is influenced by VsT. 
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HEF 4001UB 


gates 


100 


1/4 HEF 4001UB 


"7284266 


Fig. 10 Example of a crystal oscillator using one HEF4001UB gate. 


330kQ 


1/4 HEF 4001UB 
7284268 


Fig. 12 Test set-up for measuring graph of 
Fig. 11. Condition: all other inputs 
connected to ground. 


Fig. 11 Output voltages as a function of 
supply voltage. 


NOTES 
If a gate is just used as an amplifying inverter, there are two possibilities: 
a. Connecting the inputs together gives simpler wiring, but makes the device output not completely 


symmetrical. 
b. Connecting one input to Vgc will give the device a symmetrical output. 
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Quadruple 2-input NOR gate HEF 4001UB 


7Z84251.1 7284257.1 
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Fig. 13 Voltage gain (VQ/V}) as a function Fig. 14 Supply current as a function 
of supply voltage. of supply voltage. 


330 k&Q2 


1/4 HEF 4001UB 
7284268 


Fig. 15 Test set-up for measuring graphs 


of Figs 13 and 14. Condition: all other inputs 
connected to ground. 


330kQ 


input 
P output 


1/4 HEF 4001UB 


INH 7Z84270 


Fig. 16 Example of an analogue amplifier 
with inhibit using one HEF4001UB gate. 
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HEF4002B 


gates 


-~ 
DUAL 4-INPUT NOR GATE Se 


The HEF4002B provides the positive dual 4-input NOR function. The outputs are fully buffered for 
highest noise immunity and pattern insensitivity of output impedance. 


7Z69478 


Fig. 2 Pinning diagram. 


7269555 


Fig. 1 Functional diagram. HEF4002BP : 14-lead DIL: plastic (SOT-27K, M, T). 
HEF4002BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
HEF4002BT : 14-lead mini-pack; plastic 
(SO-14: SOT-108A). 


I) 

Oo— 0, 
I3 
4 7274511 


Fig. 3 Logic diagram (one gate). 


FAMILY DATA | 
| see Family Specifications 


Ipp LIMITS category GATES 
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gates 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 °C; CL. = 50 pF; input transition times < 20 ns 


VDD typical extrapolation 
a a 


Propagation delays 5 33 ns + (0,55 ns/pF) Cy 
I, —* On 10 tpHL; tpLH 14 ns + (0,23 ns/pF) Cy 
15 12 ns + (0,16 ns/pF) Cy 

Output transition times 5 10 ns + (1,0 ns/pF) Cy. 
HIGH to LOW 10 tTHL 9 ns + (0,42 ns/pF) Cy 
15 6 ns + (0,28 ns/pF) Cy. 

5 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 10 ‘TLH 9 ns + (0,42 ns/pF) Cy 


15 6 ns + (0,28 ns/pF) C1. 


where 
f; = input freq. (MHz) 
fy = output freq. (MHz) 


Dynamic power 1050 fj + Z(foC,) x Vpp? C= load capacitance (pF) 
dissipation per 4300 fj + Z(f4C1,) x Vpp? X(foC_) = sum of outputs 
package (P) 11 700 f; + Z(foCL) x Vpp? V Dp = supply voltage (V) 


October 1980 


HEF 4006B 
MsI 


-~ 
18-STAGE STATIC SHIFT REGISTER a 


The HEF4006B is an 18-stage shift register arranged as two 4-stage and two 5-stage shift registers with 
a common clock input (CP). The two 4-stage shift registers each have a data input (Da, Dp) and a data 
output (O3,a, O3p); the two 5-stage shift registers each have a data input (Dc, Dp) and data outputs 
from the fourth and fifth stages (03¢, O4c, 03p, O4p). 


The registers can be operated in parallel or interconnected to form a single shift register of up to 18 

bits. Data are shifted into the first register position of each register from the data inputs (Da to Dp) 
and all the data in each register are shifted one position to the right on the HIGH to LOW transition 
of CP. 


SHIFT REGISTER 
4-BITS 


71Z73674 


SHIFT REGISTER Fig. 2 Pinning diagram. 


4-BITS 
HEF4Q06BP : 14-lead DIL; plastic (SOT-27K, M, T). 


HEF4006BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
HEF4QO6BT : 14-lead mini-pack; plastic 
SHIFT REGISTER 2 (SO-14: SOT-108A). 


5-BITS 
FUNCTION TABLE 


SHIFT REGISTER 
5-BITS 


X =state is immaterial 


/ = positive-going transition 

‘\. = negative-going transition 

D4 = either HIGH or LOW 

Fig. 1 Functional diagram. * The moment D4 appears at O depends on 
the register length. 


7Z273675.2 


PINNING 
Da to Dp data inputs 
CP clock input (HIGH to LOW; edge-triggered) 


03a to O3p; O4c; O4p data outputs 


FAMILY DATA 
see Family Specifications 
Ipp LIMITS category MSI 
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HEF4006B 
MsI 


FF 
4 
ie. O38 
FF 
4 
> O3¢ 
B. O4c 
FF FF 
4 N's 
ee 030 
ie O4D 
FF FF 
4 i |. 5 


7Z273906.2 


Fig. 3 Logic diagram. 
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18-stage static shift register HEF 4006B 
MSI 


A.C. CHARACTERISTICS 


Vss = 9 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


DD ; typical extrapolation 
Propagation delays 
CP =O, 5 90 180 ns | 63 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy 40 80 ns | 29 ns + (0,23 ns/pF) Cy 
15 30 60 ns | 22 ns + (0,16 ns/pF) Cy. 
5 90 180 ns | 63 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tery 40 85 ns 29 ns + (0,23 ns/pF) Cy 
15 35 70 ns | 27 ns + (0,16 ns/pF) Cy 
Output transition 
times 5 60 120 ns | 10 ns+ (1,0 ns/pF) Cy 
HIGH to LOW 106 JN tay 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy 
5 60 120 ns_ | 10 ns+ (1,0 ns/pF) Cy 
LOW to HIGH 10 | tTLH 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy 
Minimum clock 5 60 30 ns 
pulse width; HIGH 10 | twcpy | 40 20 ns 
15 30 15 ns 
Set-up time 5 20 10 ns 
Dy —* CP 10: teg 10 5 ns 
15 5 0 ns see also waveforms 
Hold time 5 5 5 ns Eig. 4 
Dy —> CP 10 | thold 5 0 ns 
15 5 0 ns 
Maximum clock 5 9 18 MHz 
pulse frequency 10 | fmax 15 30 MHz 
15 18 36 MHz 
VDD where 
V typical formula for P (uW) f. = input freq. (MHz) 
cate ace fy = output freq. (MHz) 
Dynamic power 5 600 fj + X(foCy_) x Vpn” C,_ = load capacitance (pF) 
dissipation per 10 3200 fj + X(foCy) x Vpp’ X(foC,_) = sum of outputs 
package (P) 15 | 11600 f, + Z(f9C,) x Vpop’ Vpp = supply voltage (V) 
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CP INPUT 


D, INPUT 
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Fig. 4 Waveforms showing minimum clock pulse width, and set-up and hold-times for Dy, to CP. 
Set-up and hold times are shown as positive values but may be specified as negative values. 
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-~ 
DUAL COMPLEMENTARY PAIR AND INVERTER a 


The HEF4007UB is a dual complementary pair and an inverter with access to each device. It has three 
n-channel and three p-channel enhancement mode MOS transistors. 
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Fig. 2 Pinning diagram. 


HEF4007UBP : 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4007UBD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
HEF4007UBT : 14-lead mini-pack:; plastic 

(SO-14; SOT-108A). 


PINNING 
Sp2, Sp3 source connections to 2nd and 3rd p-channel transistors 
Dp1, Dpg drain connections from the 1st and 2nd p-channel transistors 
Dnt, OnN2 drain connections from the 1st and 2nd n-channel transistors 
SN2, SN3 source connections to the 2nd and 3rd n-channel transistors 
DN/P3 common connection to the 3rd p-channel and n-channel transistor drains 
G;to G3 gate connections to n-channel and p-channel of the three transistor pairs 
FAMILY DATA | , 
see Family Specifications for Vj}4/V), unbuffered stages — 


Ipp LIMITS category GATES J 
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A.C. CHARACTERISTICS 
Vos = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 


Propagation delays 
Gy, —® Dy; Dp 
HIGH to LOW 


LOW to HIGH 
Output transition 


times 
HIGH to LOW 


LOW to HIGH 


ak typical formula for P (uW) 
Dynamic power 5 4500 fj + 2(foCL) x Vpp’ 
dissipation per 10 | 20000 f+ D(foC_) x Vpp? 


package (P) 15 50 000 f; + 2(fgCL) x Vpp? 


October 1980 


typical extrapolation 
~ formula 


13 ns + (0,55 ns/pF) Cy. 
9 ns + (0,23 ns/pF) Cy 
7 ns + (0,16 ns/pF) Cy 


13 ns + (0,55 ns/pF) Cy 
9 ns + (0,23 ns/pF) Cy. 
7 ns + (0,16 ns/pF) Cy 


10ns+ (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy. 
6 ns + (0,28 ns/pF) Cy 
10ns+ (1,0 ns/pF) Ci 
9ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 


where 
f; = input freq. (MHz) 
fy = output freq. (MHz) 


C,_ = load capacitance (pF) 
ZU(foCy) = sum of outputs 
Vpp = supply voltage (V) 


Dual complementary pair and inverter HEF4007UB 


gates 


7284354 
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Fig. 4 Typical drain current Ip and output 
voltage Vo as functions of input voltage; 
Vpp = 10 V; Tamb = 25 OC. 
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APPLICATION INFORMATION 

Some examples of applications for the HEF4007UB are: 
@ High input impedance amplifiers 

@ Linear amplifiers 

@ (Crystal) oscillators 

@ High-current sink and source drivers 

@ High impedance buffers. 
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Fig. 6 Voltage gain (V,/Vj;) as a function of Fig. 7 Supply current as a function of supply 
supply voltage. voltage. 
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1/3 HEF 4007UB 
7Z84358 


Fig. 8 Test set-up for measuring graphs of Figs 
6 and 7. 

This is also an example of an analogue amplifier 
using one HEF4007UB gate. 
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Dual complementary pair and inverter 


R pias = BOOK 


st 


AL output | 10OuF 
yi 
(f= 1 kHz) lo ™ 
V 
7Z84363 SS 


Fig. 9 Test set-up for measuring forward transconductance 
fs = dig /dv; at Vo is constant (see also graph Fig. 10). 
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Fig. 10 Typical forward transconductance gf, as 
a function of the supply voltage at Tamp = 25 OC. 
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APPLICATION INFORMATION (continued) 
Figures 11 to 14 show some applications in which the HEF4007UB is used. 


Vpop 
Pp 
13 
6 @ 
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Fig. 11 4 MHz crystal oscillator. 
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output 


Vss 
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Fig. 12 High current sink driver. 


output 
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Fig. 13 High current source driver. 
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Dual complementary pair and inverter 
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Fig. 14 High impedance buffer. 


NOTE 


HEF4007UB 


gates 


FUNCTION TABLE for Fig. 14. 


L 
H 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 


Rules for maintaining electrical isolation between transistors and monolithic substrate: 
Pin number 14 must be maintained at the most positive (or equally positive) potential with respect to 


any other pin of the HEF4007UB. 


Pin number 7 must be maintained at the most negative (or equally negative) potential with respect to 


any other pin of the HEF4007UB. 


Violation of these rules will result in improper transistor operation and/or possible permanent damage 


to the HEF4007UB. 
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4-BIT BINARY FULL ADDER 


The HEF4008B is a 4 bit binary full adder with two 4-bit data inputs (Ag io A-3, Bg tu B3), a carry 
input (Cjjy), four sum outputs (Sg to S3), and a carry output (Coy). The IC uses full look-ahead 
across 4-bits to generate Court. This minimizes the necessity for extensive look-ahead and carry- 
cascading circuits. 
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Fig. 2 Pinning diagram. 


PINNING 

Ag to Az ~~ data inputs 
Bote Bz ~§=©data inputs 
So te 33 sum outputs 
CIN earry input 
COUT carry output 
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Fig. 1 Functional diagram. 


HEF4008BP : 16-lead DIL; plastic (SOT-382Z). 
HEF4008BD: 16-lead DIL; ceramic (cerdip}) (SOT-74). 
HEF4008BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


FAMILY DATA | 
see Family Specifications 
Ipp LIMITS category MSI J 
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4-bit binary full adder HEF4008B 
MSI 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 °C; Cy = 50 pF; input transition times < 20 ns 


VDD 
V 


typical extrapolation 
formula 


Propagation delays 
sum in ——* sum out 


123 ns + (0,55 ns/pF) Cy. 


17 ns + (0,16 ns/pF) Cy 


HIGH to LOW 55 110 ns | 44 ns + (0,23 ns/pF) Cy 
15 40 80 ns | 32 ns + (0,16 ns/pF) Cy 

5 135 270 ns | 108 ns + (0,55 ns/pF) Cy 

LOW to HIGH 10 | tery 55 110 ns; 44ns+ (0,23 ns/pF) Cy 
15 40 80 ns | 32 ns + (0,16 ns/pF) Cy 

sum in —* CoyT 5 | 125 250 ns; 98ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy 50 100 ns! 39ns+ (0,23 ns/pF) Cy 
15 35 70 ns} 27 ns + (0,16 ns/pF) Cy 

5 | 100 200 ns 73 ns + (0,55 ns/pF) Cy. 

LOW to HIGH 10 | tery 45 90 ns} 34ns+ (0,23 ns/pF) Cy. 
15 : 30 60 ns | 22 ns + (0,16 ns/pF) Cy 

Cin, —* sum out 5 130 260 ns | 103 ns + (0,55 ns/pF) Cr 
HIGH to LOW 10 | tpyy 90 100 ns} 39ns + (0,23 ns/pF) Cy 
15 35 70 ns | 27 ns + (0,16 ns/pF) Cy 

5 115 230 ns | 88 ns + (0,55 ns/pF) Cy. 

LOW to HIGH 10 | tpry 50 100 ns} 39ns + (0,23 ns/pF) Cy 
15 35 70 ns 27 ns + (0,16 ns/pF) Cy 

Cin —* CouT 5 90 180 ns! 63ns+ (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy. 35 70 ns} 24ns+ (0,23 ns/pF) Cy 
17 ns + (0,16 ns/pF) Ci 

48 ns + (0,55 ns/pF) Cy 

LOW to HIGH 24 ns + (0,23 ns/pF) Cy 


Output transition 
times 
HIGH to LOW 


10 ns + (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 

10 ns + (1,0 ns/pF) Cy 

9 ns + (0,42 ns/pF) Cy 

6 ns + (0,28 ns/pF) Cy 


LOW to HIGH 


V 


Dynamic power 5 1500 fj + Z(foCL) x Vpp’ 
dissipation per 6000 fj + Z(foCL) x Vpp? 
package (P) 13500 fj + Z(foC,) x Vpp? 


where 
f; = input freq. (MHz) 

f, = output freq. (MHz) 
C,_ = load capacitance (pF) 
2(fgCy_) = sum of outputs 
Vpp = supply voltage (V) 
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APPLICATION INFORMATION 


word A + B inputs 


Ai————B4 Ag ————Bg Ag-———By9 Ai37~———- B46 


5)—~——~ 84 55 ~~ ~~ Sg 2g 2 3137 ~~~ S16 


sum outputs 7Z84125 


Fig. 4 Example of a 16-bit full adder using 4 HEF4008B ICs. 
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-~ 
QUADRUPLE 2-INPUT NAND GATE Se 


The HEF4011B provides the positive quadruple 2-inpbut NAND function. The outputs are fully 
buffered for highest noise immunity and pattern insensitivity of output impedance. 


" 7269479 


Fig. 2 Pinning diagram. 


HEF4011BP : 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4011BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
HEF4011BT : 14-lead mini-pack; plastic 

(SO-14; SOT-108A). 
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Fig. 1 Functional diagram. 


De Pe Des 
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Fig. 3 Logic diagram (one gate). 


FAMILY DATA 
see Family Specifications 
IDp LIMITS category GATES 


S Products approved to CECC 90 104-008. Mav 1983 1 AL 


HEF4011B 


gates 


146 | 


A.C. CHARACTERISTICS 
Vss =OV; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


typical extrapolation 
symbol ye P 
formula 


Propagation delays 110 28 ns + (0,55 ns/pF) Cy 
In OF [ tpHL; tPLH 45 ons | 14 ns + (0,23 ns/pF) Cy 
15 20 35 ns | 12 ns + (0,16 ns/pF) Cy 
Output transition | 
times 5 60 120 ~=ns | 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 10 tTHL 30 60 os 9ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy 
5 60 120. ns {| 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 10 tTLH 30 60 ns | 9ns+ (0,42 ns/pF) Cy 
5 40 6 ns + (0,28 ns/pF) Cy 


where 
typical formula for P (uW) f; = input freq. (MHz) 


fy = output freq. (MHz) 


Dynamic power 1300 f+ Z(f5CL) x Vpp, C,_ = load capacitance (pF) 
dissipation per 6000 f + X(foCy ) Xx Vpp, Z(foC_) = sum of outputs 
package (P) 20 100 f, + Z(foCy) x Vpp~ Vpp = supply voltage (V) 
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QUADRUPLE 2-INPUT NAND GATE Gs 


The HEF4011UB ts a quadruple 2-input NAND gate. This unbuffered single stage version provides 
a direct implementation of the NAND function. The output impedance and output transition time 
depends on the input voltage and input rise and fall times applied. 


7283058 


Fig. 2 Pinning diagram. 


HEF4011UBP : 14-lead DIL; plastic (SOT-27K,M, T). 
HEF4011UBD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
HEF4011UBT: 14-lead mini-pack; plastic 

| (SO-14; SOT-108A). 


7Z69562 


Fig. 1 Functional diagram. 


| : 
Vopb 
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Fig. 3 Schematic diagram (one gate). The splitting-up of 
the n-transistors provide identical inputs. | 


FAMILY DATA | Of - i | | 
see Family Specifications for Vj}y/V;,_ unbuffered stages aac 
Ipp LIMITS category GATES J : | ey 
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A.C. CHARACTERISTICS | 
OC; Cy = 50 pF; input transition times < 20 ns 


Vss = 0 V; Tamb = 28 ' 
is vg ; : 
i MBB | | typical extrapolation 
| | | 
| V symbo fyP secs formula 
paca sae oa eae sce a eta eel hat hee oo 


Propagation delays 


In a On 120 ns 25 ns + (0,70 ns/pF) Cy 


pfee[= = [ee 


| 
HIGH to LOW | 10 | 50 ~=—ons 12 ns + (0,27 ns/pF) Ci 
| 15] 40 ns | 10ns+ (0,20 ns/pF) Cy, 
| 
 @ | 70 ns |. 8ns+ (0,55 ns/pF) Cy 
LOWtoHIGH | 10 | 40 ns 9 ns + (0,23 ns/pF) Cy 
e | ies 7 35 ns 9 ns + (0,16 ns/pF) Cy 
Output transition | 5 | 150 ns | 15ns+(1,20ns/pF) Cy 
times ; 10 60 ns 6 ns + (0,48 ns/pF) C, 
HIGH to LOW 15 40 ns 4 ns + (0,32 ns/pF) Cy 
| 5 110 ons 10 ns + (1,00 ns/pF) Cy 
LOWto HIGH | 10 60 ns 9 ns + (0,42 ns/pF) Cy. 
, 15 40 ns 6 ns + (0,28 ns/pF) Cy, 
Input capacitance | | Cin 10 pF 
a ee ee 
Vpop | where 
V typical formula for P (uW) f; = input freq. (MHz) 
Sore ee ee te output freq. (MHz) 
Dynamic power | 5 | 500 fj + Z(fo9CL) x Vpp’ C,_ = load capacitance (pF) 
dissipation per 10 5 000 fj + Z(f—4C_) x Vpp’ Z(fyC;) = sum of outputs 
package (P) pS | 25 000 f| + Z(foCL) x Vpp’ Vpp = supply voltage (V) 
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one input, the other input connected to Vpp; 


—— Vo; — — — Ip(drain current); Io 
one input, the other input connected to Vpp; 


Fig. 4 Typical transfer characteristics; 
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R bias = S60 kN 


7284363 


Fig. 7 Test set-up for measuring forward transconductance 
fs = dig/dv; at Vg is constant (see also graph Fig. 8). 
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Fig. 8 Typical forward transconductance gg as a 
function of the supply voltage at Tamb = 25 OC. 


150 October 1980 (CO 


HEF4011UB 


gates 


APPLICATION INFORMATION 
Some examples of applications for the HEF4011UB are shown below. 


Because of the fact that this circuit is unbuffered, it is suitable for use in (partly) analogue circuits. 


VoD 


1/4 HEF 4011UB 1/4 HEF 4011UB 


Vss il | C 7Z84265 


4 forward voltage 
clamping diode 


7271574 


(b) 


Fig. 9(a) Astable relaxation oscillator using two HEF4011UB gates; the diodes may be BAW62; C2 is 
a parasitic capacitance. (b) Waveforms at the points marked A, B, C and D in the circuit diagram. 


In Fig. 9 the oscillation frequency is mainly determined by R1C1, provided R1 << R2 and 

R2C2 << R1C1. 

The function of R2 is to minimize the influence of the forward voltage across the protection diodes 

on the frequency; C2 is a stray (parasitic) capacitance. The period Tp is given by Tp = 11+ T9, in which 


Vop+V 2Vpp — V 
T1 = R1C1 ine and Tj = R1C1 ee where 


VST VpbD — VST 
VsT is the signal threshold level of the gate. The period is fairly independent of Vpp, VsT and 
temperature. The duty factor, however, is influenced by VsT. 
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Fig. 10 Example of a crystal oscillator using one HEF4011UB gate. 
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Fig. 11 Output voltage as a function 
of supply voltage. 


NOTES 
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Fig. 12 Test set-up for measuring 
graph of Fig. 11. Condition: all other 
inputs connected to ground. 


If a gate is just used as an amplifying inverter, there are two possibilities: 


a. Connecting the inputs together gives simpler wiring, but makes the device output not completely 


symmetrical. 


b. Connecting one input to Vpp will give the device a symmetrical output. 
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Quadruple 2-input NAND gate HEF 4011UB 
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Fig. 13 Voltage gain (VQ/V}) as a function Fig. 14 Supply current as a function 
of supply voltage. of supply voltage. 
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Fig. 15 Test set-up for measuring graphs 
of Figs 13 and 14. Condition: all other inputs 
connected to ground. 
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Fig. 16 Example of an analogue amplifier 
with inhibit using one HEF4011UB gate. 
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-~ 
DUAL 4-INPUT NAND GATE a 


The HEF 4012B provides the positive dual 4-input NAND function. The outputs are fully buffered for 
highest noise immunity and pattern insensitivity of output impedance. 


7Z69480 


Fig. 2 Pinning diagram. 


7269563 


HEF4012BP : 14-lead DIL; plastic (SOT-27K, M, T). 
Fig. 1 Functional diagram. HEF4012BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
HEF4012BT : 14-lead mini-pack; plastic 
(SO-14: SOT-108A). 


o— 01 


l4 7274509 


Fig. 3 Logic diagram (one gate). 


FAMILY DATA | | 
see Family Specifications 
IpDp LIMITS category GATES | 
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A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; C1. = 50 pF; input transition times < 20 ns 


VpD typical extrapolation 
V formula 
Propagation delays 
In —> OF 5 43 ns+ (0,55 ns/pF) Cy | 
HIGH to LOW 10 14 ns + (0,23 ns/pF) Cy 
15 12 ns + (0,16 ns/pF) Cy__ 
5 43 ns + (0,55 ns/pF) Cy. 
LOW to HIGH 10 19 ns + (0,23 ns/pF) Cy 
15 17 ns + (0,16 ns/pF) Cy 
| Output transition 
times 5 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 10 9 ns + (0,42 ns/pF) Cy 
15 6 ns + (0,28 ns/pF) Cy 
| 5 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 10 9 ns + (0,42 ns/pF) Cy 
15 6 ns + ( (0, 28 ns/pF) CL | 
anni eed: «(4 Gann oa waacnaas patah abla tte ce ae 
ae Se ee cs f| = input freq. (MHz) ; | 


fo = output freq. (MHz) 
C,_ = load capacitance (pF) 
X(foC)_) = sum of outputs 
V pp = supply voltage (V) 


Dynamic power — 
dissipation per 
package (P) 


1100 fj + Z(foCL) x Vpp, 
4400 f, + Z(foC.) x VoD, 
12900 f; + ZlfgCL) x VDD’ 
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SCAR TRUM VLAD ARCEMIS oY PR OP a 


HEF 4013B 
flip-flops 


-~ 
DUAL D-TYPE FLIP-FLOP Ge 


The HEF4013B is a dual D-type flip-flop which features independent set direct (Sp), clear direct (Cp), 
clock inputs (CP) and outputs (0,0), Data is accepted when CP is LOW and transferred to the output on 
the positive-going edge of the clock. The active HIGH asynchronous clear-direct (Cp) and set-direct (Sp) 
are independent and override the D or CP inputs. The outputs are buffered for best system performance. 
Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock rise and fall 
times. 


FUNCTION TABLES 


“inputs 


= HIGH state (the more positive voitage) 
= LOW state (the less positive voltage) 

= state is immaterial 

= positive-going transition 

On + 1 = State after clock positive transition 


PINNING 


D data inputs 
CP clock input (L to H edge-triggered) 


7269524.1 | Sp asynchronous set-direct input (active HIGH) 
Cp asynchronous clear-direct input (active HIGH) 
Fig. 1 Functional diagram. oO true output 


© complement output 


HEF4013BP : 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4013BD: 14-lead DiI; ceramic (cerdip) (SOT-73). 
HEF4013BT : 14-lead mini-pack; plastic 

(SO-14; SOT-108A). 


7Z69481 


Fig. 2 Pinning diagram. 


FAMILY DATA 
see Family Specifications 
_!ppt LIMITS category FLIP-FLOPS 
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Dual D-type flip-flop : HEF 4013B 
flip-flops 


A.C. CHARACTERISTICS 


Vss =O V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


Propagation delays 


CP—rO,0 83 ns + (0,55 ns/pF)C,_ 
HIGH to LOW 10 jtpyy 45 90 ns | 34ns+ (0,23 ns/pF)C, 
15 30 60 ns | 22ns+ (0,16 ns/pF)Cy 

5 95 190 ns | 68 ns+(0,55ns/pF)C, 

LOW to HIGH 10 jtpry 40 80 ns | 29ns+(0,23 ns/pF)Cy 
15 30 60 ns | 22ns+ (0,16 ns/pF)Cy 

Sp 0 5 100 200 ns | 73ns + (0,55 ns/pF)Cy 
HIGH to LOW 10 | tpyL 40 80 ns | 29ns + (0,23 ns/pF)C, 
15 30 60 ons 22 ns + (0,16 ns/pF)C,_ 

Sp—* 0 5 75 150 ns | 48ns+ (0,55 ns/pF)Cy 
LOW to HIGH 10 |tprH 35 70 ons | 24ns + (0,23 ns/pF)C, 
15 25 50 =o ns 17 ns + (0,16 ns/pF)Cy_ 

Cp—* 0 5 100 200 ns | 73ns+ (0,55 ns/pF)C,. 
HIGH to LOW 10 |tpyy A0 80 ns | 29ns+(0,23 ns/pF)C, 
15 7 30 60 ns | 22ns+ (0,16 ns/pF)Cy 

Cp—»> 0 5 60 120 ns | 33ns+(0,55 ns/pF)Cy 
LOW to HIGH 10 |tpry 30 60 ns | 19ns+ (0,23 ns/pF)Cy 
15 20 40 ns | 12ns+ (0,16 ns/pF)Cy 

Output transition 

times 5 60 120 ns | 10 ns+(1,0 ns/pF) Cy. 
HIGH to LOW 10 |tTHL 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 os 6 ns + (0,28 ns/pF) Cy 

5 60 120° ons 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 10 |tTLH — 30 60 ns 9ns + (0,42 ns/pF) Cy. 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy 
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HEF4013B 


flip-flops 


A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 


DD symbol | min. typ. max. 


Set-up time 5 40 20 ns 


D —» CP 10 | toy 25 10 ns 
15 15 5 ns 
Hold time 5 | 20 0 ns 
D —» CP 10 | thold 20 0 ns 
15 15 0 ns 
Minimum clock 5 | 60 30 ns 
pulse width; LOW 10 |twepL | 30 15 ns 
15 20 10 ns 
Minimum Sp pulse 5 50 25 ns See alee emer onne 
width; HIGH , 10 i twspH | 24 12 ns Figs 4 and 5 | 
15 20 10 ns g 
Minimum Cp pulse — 5 50 25 ns 
width; HIGH 10 |twcpDH | 24 12 ns 
15 20 10 ns 
Recovery time 5 15 —5 ns 
for Sp 10 |trRsp 15 0 ns 
15 15 0 ns 
Recovery time 5 40 25 ns 
for Cp 10 |trep 25 10 ns 
15 25 10 ns 
Maximum clock 5 7 14 MHz 
pulse frequency 10 | fmax 14 28 MHz 
15 20 40 MHz 
VDD | typical formula for P (uW WHETE 
eee i: sala ti f; = input freq. (MH2] 


fy = output freq. (MHz) 

Cy = total load cap. (pF) 
X(fyC_) =sum of outputs 
V Dp = supply voltage (V) 


Dynamic power 5 850 fj + Z(foC_) x Vpp’ 
dissipation per 3600 f| + Z(foCL) x Vpp’ 
package (P) 9 000 f+ 2X(f CL) Xx VppD? 
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Dual D-type flip-flop 


HEF 4013B 


flip-flops 


Fig. 4 Waveforms showing set-up times, hold times and minimum clock pulse width. 
Set-up and hold times are shown as positive values but may be specified as negative values. 


Sp INPUT 50% 
=twsDH ~ 
Cp INPUT 50% 
—e| ~~ tpep —=twcDH > 
CP INPUT 50% 


a + ~—trcp 


O OUTPUT 


7Z69577.2 


Fig. 5 Waveforms showing recovery times for Sp and Cp; minimum Sp and Cp pulse widths. 
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HEF4013B 


flip-flops 


APPLICATION INFORMATION 
Some examples of applications for the HEF4013B are: 


@ Counters/dividers 
@ Registers 
@ Toggle flip-flops 


clock 7282332 


Fig. 6 Typical application of the HEF4013B in an n-stage shift register. 


7282333 
T-type flip-flop 


Fig. 7 Typical application of the HEF4013B in a binary ripple up-counter; divide-by-2), 


D “6 O 
FF 

CP 
O 


7282334 


Fig. 8 Typical application of the HEF4013B in a modified ring counter; divide-by-(n + 1). 
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HEF 4014B 
Ms! 


-~ 
8-BIT STATIC SHIFT REGISTER a 


The HEF4014B is a fully synchronous edge-triggered 8-bit static shift register with eight synchronous 
parallel inputs (Pg to P7), a synchronous serial data input (Ds), a synchronous parallel enable input 
(PE), a LOW to HIGH edge-triggered clock input (CP) and buffered parallel outputs from the last three 
stages (Os to 07). 

Operation is synchronous and the device is edge-triggered on the LOW to HIGH transition of CP. Each 
register stage is of a D-type master-slave flip-flop. When PE is HIGH, data is loaded into the register from 
Pg to P7 on the LOW to HIGH transition of CP. When PE is LOW, data is shifted to the first position 
from Ds, and all the data in the register is shifted one position to the right on the LOW to HIGH 
transition of CP. Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower 
clock rise and fall times 


j14 |15 


7269525,3 


Fig. 1 Functional diagram. 


HEF4014BP : 16-lead DIL: plastic (SOT-38Z). 
HEF4014BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4014BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


7Z69482 
Fig. 2 Pinning diagram. 
FAMILY DATA 


see Family Specifications 
IDp LIMITS category MSI 
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8-bit static shift register HEF4014B 
| MSI 


PINNING 

PE parallel enable input 

Pg to P7_ parallel data inputs 

Ds serial data input 

CP clock input (LOW to HIGH edge-triggered) 

Os to O7 buffered parallel outputs from the last three stages 


FUNCTION TABLES 


i 
| 
| 
i 
| 
i 


= negative-going transition 
= either HIGH or LOW 
= number of clock pulse transitions 


Serial operation Parallel operation 
inputs outputs 
n | CP |Dg | PE | O5 |Og | O7 
1) £ [Dy }L |x |x | x 
2} f |\Do|/L |x |x {x 
3} S |lpD3/L |x }x |] x : 
6; / |X |L |D,]X |X H = HIGH state (the more positive voltage) 
7| S/S |X | L {Dg |Dq {xX | = LOW state (the less positive voltage) 
8) / |X | L |D3 |D2 | D4 X = state is immaterial 
\ | X | X | nochange / = positive-going transition 
ceed a 
Dn 
n 


where 

fj = input freq. (MHz) 

fo = output freq. (MHz) 
900 fj + Z(foC,) x Vpp’ Cy = load cap. (pF) 

4300 fj + Z(fo9CL) x Vpp’ X(fyCy_) = sum of outputs: 
12000 fj + Z(fyC,_) x Vpp’ I Vpp = supply voltage (V) 


typical formula for P (uW) 


Dynamic power 
dissipation per 
package (P) 


i era rh nA pce mr ARIE AI A CY A Rinse tna 
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HEF 4014B 
MsI 


_ A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy. = 50 pF; input transition times < 20 ns 


Vpp typical extrapolation 


Propagation delays 


Cp —~ On 5 103 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10) | tpyL 44 ns + (0,23 ns/pF) Cy. 
15 32 ns + (0,16 ns/pF) Cy 
5 88 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpry 39 ns + (0,23 ns/pF) Cy 
15 32 ns + (0,16 ns/pF) Cy 
Output transition 
times 5 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 10 | tTHL 9 ns + (0,42 ns/pF) Cy 
15 6 ns + (0,28 ns/pF) Cy 
5 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 10 | tThy 9 ns + (0,42 ns/pF) Cy 
15 6 ns + (0,28 ns/pF) Cy 
Set-up times 5 
PE —» CP 10 | tsy 
15 
5 
Ds — > CP 10 tsy 
15 
5 
Py —> CP 10 | tsy 
15 
Hold times 5 
f 
PE —» CP 10° | tear - va waveforms 
15 ; 
5 
15 
5 
15 
Minimum clock 5 
pulse width; LOW 10 | twepL 
15 
Maximum clock 5 
pulse frequency 10 | fmax 
15 
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HEF 4014B 
MSI 


APPLICATION INFORMATION 
Some examples of applications for the HEF4014B are: 


@ Parallel-to-serial converter 
@ Serial data queueing 
@ General purpose register 
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HEF 4015B 
MSI 


DUAL 4-BIT STATIC SHIFT REGISTER Ge 


The HEF4015B is a dual edge-triggered 4-bit static shift register (serial-to-parallel converter). Each shift 
register has a serial data input (D), a clock input (CP), four fully buffered parallel outputs (Og to 03) 
and an overriding asynchronous master reset inout (MR). Information present on D is shifted to the 
first register position, and all the data in the register is shifted one position to the right on the LOW-to- 
HIGH transition of CP. A HIGH on MR clears the register and forces Og to O23 to LOW, independent 


of CP and D. Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock 
rise and fall times. .- 


7Z69483 


Fig. 2 Pinning diagram. 


HEF4015BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4015BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4015BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


REGISTER 
4-BITS 


Fig. 1 Functional diagram. 


72695 26.2 

PINNING 

Da, Dp serial data input 

MRa, MRp master reset input (active HIGH) 

CPa, CPB clock input (LOW-to-HIGH edge-triggered) 


O0A, 914, 02a, 03 _ parallel outputs 
Oop, 01B, O2p, 03R parallel outputs 


APPLICATION INFORMATION 
Some examples of applications for the HEF4015B are: 


@ Serial-to-parallel converter 
@ Buffer stores 
@ General purpose register 


FAMILY DATA 
see Family Specifications 
Ipp LIMITS category MSI ; 
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HEF 4015B 


MSi 


LOGIC DIAGRAM (one register) 


7Z269696.3 


Fig. 3 Logic diagram. 


FUNCTION TABLE 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 

X = state is immaterial 

/ = positive-going transition | 

‘\. = negative-going transition 

Dy = either HIGH or LOW 

n = number of clock pulse transitions 


May 1983 


Dual 4-bit static shift register HEF 4015B 
MsI 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


VDD typical extrapolation 
symbol . typ. ax. 


Propagation delays 


CP —* 0, 5 130 260 ns 103 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10) | tpyy 55 110° ns 44 ns + (0,23 ns/pF) Cy 
15 40 80  ~=ns 32 ns + (0,16 ns/pF) Cy 
5 120 240 ns 93 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpry 55 110 ns 44 ns + (0,23 ns/pF) Cy 
15 40 80 ons 32 ns + (0,16 ns/pF) Cy 
MR —® On 5 105 210 ns 78 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | toy, 45 90 ns 34 ns + (0,23 ns/pF) Cy 
15 35 70 ~~ ns 27 ns + (0,16 ns/pF) Cy 
Output transition | 
times 5 60 120 ns 10 ns + (1,0 ns/pF) Cy. 
HIGH to LOW 10) | thy 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy 
5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 10 |[tTLH 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ons 6 ns + (0,28 ns/pF) Cy. 
set-up time 5 25 —15 ns 
D —» CP 10 | toy 25 —10 ns 
15 20 —5 ns 
Hold time 5 40 20 ns 
D —» CP 10 | thold 20 10 ns 
15 15 8 ns 
Minimum clock 5 60 30 ns esciauaroenk 
pulse width; LOW 10 | twepL 30 15 ns Fias 4 and 5 
15 20 10 ns 
Minimum MR 5 80 40 ns — 
pulse width; HIGH} 10 | twyrH | 30 15 ns 
15 24 12 ns 
Recovery time 5 50 20 ns 
for MR 10 |trwR 30 10 ns 
15 20 5 ns 
Maximum clock 5 7 15 MHz 
pulse frequency 10 | fmax 15 30 MHz 
15 22 44 MHz 


where 
f; = input freq. (MHz) 
ee fy = output freq. (MHz) 


Dynamic power 1500 fj + D(foCL) x Vpp’* | Cy = load capacitance (pF) 
dissipation per 6 300 fj + Z(fgCL_) x Vpp’ 2(f oC, ) = sum of outputs 
package (P) 17000 f, + Z(foCL_) x Vpp*? =| Vpp = supply voltage (V) 
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HEF 4015B 
MSI 


CP INPUT #50 % 
| thoig | 

| \ 

D INPUT 50% | 50% 


\\ 


wei ty ee 7269697 .1 


Fig. 4 Waveforms showing set-up times, hold times and minimum clock pulse width. 
Set-up and hold times are shown as positive values but may be specified as negative values. 


MR INPUT 
CP INPUT 


OUTPUT 


7Z69695 


Fig. 5 Waveforms showing recovery time for MR and minimum MR pulse width. 
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gates 
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-~ 
QUADRUPLE BILATERAL SWITCHES a 


The HEF4016B has four independent analogue switches (transmission gates). Each switch has two input/ 
output terminals (Y/Z) and an active HIGH enable input (E). When E is connected to Vpp a low 
impedance bidirectional path between Y and Z is established (ON condition). When E is connected to 
Vgg the switch is disabled and a high impedance between Y and Z is established (OFF condition). 
Current through a switch will not cause additional Vpp current provided the voltage at the terminals 

of the switch is maintained within the supply voltage range; Vpp 2 (Vy, Vz) 2 Vss. Inputs Y and Z 
are electrically equivalent terminals. 


Za Zs 


7269571.2 


Fig. 1 Functional diagram. Fig. 2 Pinning diagram. 


7Z69484 


HEF4016BP : 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4016BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
HEF401G6BT : 14-lead mini-pack; plastic (SO-14: SOT-108A). 


PINNING APPLICATION INFORMATION 

Eg to E3 enable inputs Some examples of applications for the HEF4016B are: 
Yo to Y3 input/output terminals ® Signal gating 

Zo to Z3 input/output terminals ® Modulation 


® Demodulation 


@ Chopper 


7Z69694.3 


Fig. 3 Schematic diagram (one switch). 


© Products approved to CECC 90 104-014. 
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HEF 4016B 


gates 


RATINGS | 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


parameter 


ON resistance 


ON resistance 


ON resistance 


‘A’ ON resistance 
between any two 


channels 


parameter 


Quiescent 
device 
current 


Input leakage 
current at E, 

OF F-state 
leakage 
current, any 
channel OFF 

E, input 
voltage LOW 


E, input 


voltage HIGH 


May 1983 


-Power dissipation per switch 
For other RATINGS see Family Specifications 


D.C. CHARACTERISTICS 
Tamb = 25 OC; Vss = 0 V (unl 


ess otherwise specified) 


VDD typ. = max. — unit: 
g000 =, © | 
230 690 Q 
115 350 Q | 
140 425 Q2 
10 65 195 Q 
50145 
170 515 Q l 
95 285 Oo: . 
75 220 Q J 
200 _ 2 
10 | ARon 15 - 2 | 
15 10. = Q 
Vpp Tamb (°C) 
V {symbol} —40  . +25 + 85 
| min. max. min. max. min. max. | 
5 —- 10 =- 10 — 7,5 | 
Ipp -— 20 —- 20 —_ 15,0 
15 ~ 40 .— 40 — 300° | | 
15 |tun |-— —  — 300 — 1000| 
TOE OZ. ee Se ee Ss ee ee | 
15 -~- — = 200 —- - 
5 ~ 15 -— 15 — 1,5 
10 iV |- 30 -— 3,0 — 3,0 | | 
1 | © |- 40 -— 40 —- 40 
5 3,5 — 3,5 — 3,5 — | 
10 | Vip 7,0 - 7,0 - 7,0 — 
15 11,0- 11,0- 11,0— | 


P max. 


conditions 


E, at Vip 
Vig = Oto Vpop 
see Fig. 4 
E, at Vin 
Vis = Vs 
see Fig. 4 


En at Vin 


Vis = VDD 

see Fig. 4 

E, at Vin 

Vig = 0 to Vpp 
see Fig. 4 


Aegean monenamemtetane 


condition 


Vss = 0; all 

valid input 
combinations; 

Vi = Vss or VoD 


E, at Vss or Vpp 


E, at VIL; 

Vis = Vss or Vpp; 
Vos = Vpp or Vss 
switch OFF; 

see Fig. 9 

tor loz 
low-impedance 
between Y and 

Z (ON condition) 
see Ron switch 


100 mW 


HEF4016B 


gates 


Quadruple bilateral switches 


sug DoD 
(at Vin or Vpp) 


n 
Vie *Ss.°° VDD L.,= 100 uA 


Vss 


72Z84149.1 


Fig. 4 Test set-up for measuring Ron. 


7284150.1 


200 


(Q) 


Fig. 5 Typical Ron asa function of input voltage. 


E,n > VIH 
lis = 100 vA 
Vss =O V 
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gates 


A.C. CHARACTERISTICS Vss =0 V; Tampb = 25 OC; input transition times < 20 ns 


Propagation delays 


Vis —™ Vos | 
HIGH to LOW 10 note 1 
15 
5 
LOW to HIGH 10 note 1 
15 
Output disable times 
En —> Vos 9 | 
HIGH 10 note 2 
15 | 
5 
LOW 10 note 2 
15 
Output enable times es 
En —> Vos” 85 
HIGH 10 note 2 
15 
5 
LOW 10 | note 2 
15 
Distortion, sine-wave 5 | 
response 10 note 3 
15 
Crosstalk between 5 | 
any two channels 10 | note 4 
15 
Crosstalk: enable 5 ] 
input to output 10 \ note 5 
15 
OF F-state 5 | 
feed-through 10 note 6 
15 J 
ON-state frequency 5 | 
response 10 | note 7 
15 


where 

f} = input freq. (MHz) 
fy = output freq. (MHz) 
C,_ = load capacitance (pF) 
X(foC__) = sum of outputs 
Vpp = supply voltage (V) 


typical formula for P (uW) 


Dynamic power 
dissipation per 
package (P)* 


050 f} + Z(fyC_) x VppD’ 
2600 fj + Z(f4CL_) x Vpp’ 
6 500 f; + X(f5C.) x Vpp’ 


* All enable inputs switching. 
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gates 


Quadruple bilateral switches 


NOTES 


Vig is the input voltage at a Y or Z terminal, whichever is assigned as input. 
Vos is the output voltage at a Y or Z terminal, whichever is assigned as output. 


1. Ry = 10 kQ to Vss; Cy = 50 pF to Vss; En = Vpp: Vis = Vpp (square-wave); see Figs 6 and 10. 
2. Ry = 10 kQ; Cy = 50 pF to Vss; E, = Vpp (square-wave) ; 
a = Vpp and R,_ to Vssg for tpy7 and tp7}; 
= Vgs and R, to Vpp for tp, 7 and tp7_ ; see Figs 6 and 11. 
3. RL = 10 kQ; CL = 15 pF; Ey = Vpp; Vis = 2VDD/(p-p) (sine-wave, symmetrical about 2Vpp); 
fis = 1 KHz; see Fig. 7. 
4. Rr = 1kQ; Vis = 2VDD(p-p) (sine-wave, symmetrical about NV Dp): 


Vos (B 
20 log iain = —50dB;E, (A) =Vsg; Ep, (B) = Vpp;see Fig. 8. 
5. Ry = 10 kQ to Vgc; Cy = 15 pF to Vss; Eq = Vpp (square-wave); crosstalk is |Vos| (peak value); 
see Fig. 6. 


6. RL=1kQ; CL =5 pF; En = Vgs; Vis = 2VDD(p-p) (sine-wave, symmetrical about 2V pp); 
V 
20 log — = —50 dB; see Fig. 7. 
Vis 
7.2L =1kQ;CL=5 pF; En = Vpp; Vis = 2VDD(p-p) (sine-wave, symmetrical about 2Vpp); 


V 
20 log —= = —3 dB; see Fig. 7. 
IS 


Oo May 1983 177 


~ HEF4016B 


~ gates 


7284146.1 


fi 7284147.1 


Fig. 6. Fig. 7. 
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switch B 


Vs 
7274580.2 


(a) (b) 
Fig. 8. 


Vpp 


7284148.1 


Quadruple bilateral switches | HEF 4016B 


gates 


===". ¥ OD 
Vis 
WSs 
Vos 
= teLH .* PHL 
. | 7279897 


Fig. 10 Waveforms showing propagation delays from Vig to Vos. — 


E, INPUT 


| 90% 
Vos {11 / s 
10% 
—> = tp7H = tpy7 I< 
90% 
Vos (2) 
10% 
ae ee N67: a he Pes 7279898 


(1) Vig at Vpp; (2) Vis at Vss. 


Fig. 11 Waveforms showing output disable and enable times. 
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e~ 
5-STAGE JOHNSON COUNTER Ge 


The HEF4017B is a 5-stage Johnson decade counter with ten spike-free decoded active HIGH outputs 
(Og to Og), an active LOW output from the most significant flip-flop (O59), active HIGH and active 
LOW clock inputs (CP9,CP4) and an overriding asynchronous master reset input (MR). 

The counter is advanced by either a LOW to HIGH transition at CPg while CP1 is LOW or a HIGH to 
LOW transition at CP; while CPo is HIGH (see also function table). 


When cascading counters, the O5.9 output, which is LOW while the counter is in states 5, 6, 7, 8 and 
9, can be used to drive the CPg input of the next counter. 

A HIGH on MR resets the counter to zero (Og = O5.9 = HIGH; 01 to Og = LOW) independent of the 
clock inputs (CPg, CP4). 

Automatic code correction of the counter is provided by an internal circuit: following any illegal code 
the counter returns to a proper counting mode within 11 clock pulses. 


Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock rise and fall 
times. 


134 CP]. 


14 5—STAGE JOHNSON COUNTER 


rr i Ae a 


DECODING AND OUTPUT CIRCUITRY 


; Bo fos o> fos [oe fos 0 02 fo 09 


7269564 .3 | | 1 5 16 9 


| 95 - 12 


Fig. 1 Functional diagram. 


HEF4017BP : 16-lead DIL: plastic (SOT-38Z). 
HEF4017BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4017BT : 16-lead mini-pack; plastic (SO-16: SOT-109A). 


7Z69485 


Fig. 2 Pinning diagram. 


PINNING 

CP9 clock input (LOW to HIGH triggered) 
CP, clock input (HIGH to LOW triggered) 
MR master reset input 

Og toOg = decoded outputs 

O59 carry output (active LOW) - 

FAMILY DATA 


| see Family Specifications 
ipp LIMITS category MSI! 
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HEF 4017B 
Ms! | 7 


Fig. 3 Logic diagram. 
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5-stage Johnson counter HEF4017B 


MSI 
FUNCTION TABLE 
operation 
Oo = 05.9 = H; 07 to Og =L 
Counter advances 
Counter advances H = HIGH state (the more positive voltage) 
No change L = LOW state (the less positive voltage) 


No change X = state is immaterial 
No change J = positive-going transition 
No change \. = negative-going transition 


oe eee ea ae 


A.C. CHARACTERISTICS 
Vss = 0 V: Tamb = 25 °C; Cy. = 50 pF; input transition times < 20 ns 


gree ae a heat B cacsasas ee 
VDD ; typical extrapolation 


Propagation delays 


CPo, CP1—*09 to Og 140 280 = ns 113 ns + (0,55 ns/pF) Cy 


| 
! 
| HIGH to LOW tPHL 55 110 ns 44 ns + (0,23 ns/pF) Cy 
40 80 ns 32 ns + (0,16 ns/pF) Cy 
125 250 =o ns 98 ns + (0,55 ns/pF) Cy. 
LOW to HIGH tPLH 50 100 = ns 39 ns + (0,23 ns/pF) C | 
40 80 ns 32 ns + (0,16 ns/pF) Cy. 
CPo, CP} —* O59 145 290 ns | 118 ns + (0,55 ns/pF) Cy 
_ HIGH to LOW tPHL 55 110 ns 44 ns + (0,23 ns/pF) Cy 
40 80 ns 32 ns + (0,16 ns/pF) Cy. 
125 250° ns 98 ns + (0,55 ns/pF) Cy, 
LOW to HIGH tPLH 50 100° ns 39 ns + (0,23 ns/pF) Cy 
40 80 ons 32 ns + (0,16 ns/pF) Cy. 
MR —* Q; to Og 115 230 2~=ons 88 ns + (0,55 ns/pF) Cy) 
! HIGH to LOW tPHL 50 100 ns 39 ns + (0,23 ns/pF) C, 
35 70° os 27 ns + (0,16 ns/pF) C, 
MR —* 05,9 110 220 ns 83 ns + (0,55 ns/pF) Cy 
LOW to HIGH tPLH 45 90 ns 34 ns + (0,23 ns/pF) Cy. 
35 70 sons 27 ns + (0,16 ns/pF) Cy 
MR —* Og 130 260 ns 103 ns + (0,55 ns/pF) Cy 
LOW to HIGH tPLH 55 105 ons 44 ns + (0,23 ns/pF) Cy 
40 75 sons 32 ns + (0,16 ns/pF) Cy 
Output transition 
times 60 120. ~=ns 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW tTHL 30 60 ns 9 ns + (0,42 ns/pF) Cy 
20 40 os 6 ns + (0,28 ns/pF) Cy 
60 120 ons ~ 10ns+(1,0 ns/pF) Cy 
LOW to HIGH tTLH 30 60 ns 9 ns + (0,42 ns/pF) Cy 
20 40 ns 6 ns + (0,28 ns/pF) Cy 
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HEF 4017B 
MSI 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 °C; Cy = 50 pF; input transition times < 20 ns 


Hold times 5 90 45 ns 
CPg —* CP 1 10 | thold 40 20 ns 
15 20 10 ns 
5 80 40 ns 
CP, — CPo 10 | thold 40 20 ns 
| 15 30 10 ns 
Minimum clock 
pulse width: 2) tWCPL = 80 40 ns 
CP9 = LOW; 10 ‘ 40 20 ns see also waveforms 
CP] = HIGH 15 | "WCPH | 30 15 ns Figs 4 and 5 
Minimum MR 5 | 50 25 ns 
pulse width; HIGH 10 | twmrRyH| 30 15 ns 
15 20 10 ns 
Recovery time 5 60 30 ns 
for MR 10 | trwR, 30 15 ns 
15 20 10 ns 
Maximum clock 5 6 12 MHz 
pulse frequency 10. faa 12 24 MHz 


30 MHz 


f; = input freq. (MHz) 
fg = output freq. (MHz) 
C,_ = load cap. (pF) 
X(fyC,) =sum of outputs 
Vpp = supply voltage (V) 


Dynamic power 
dissipation per 
package (P) 


500 fj + Z(fgCL) x Vpn” 
2200 fj + Z(foCL) x Vpp’ 
6000 fj + Z(fgCL) x Vpn” 


184 May 1983 | | 


5-stage Johnson counter HEF 4017B 
MSI 


CP) INPUT 


CP, INPUT 


7Z69578.1 


Fig. 4 Waveforms showing hold times for CPg to CP; and CP, to CPo. 
Hold times are shown as positive values, but may be specified as negative values. 


CP) INPUT 


MR INPUT 


<<. twarH—> 


Fig. 5 Waveforms showing recovery time for MR; minimum CPg and MR pulse widths. 


Conditions: CP, = LOW while CPo Is triggered on a LOW to HIGH transition. 
twecp and trip also apply when CPg = HIGH and CP; is triggered ona 
HIGH to LOW transition. 


7Z69574.2 
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HEF 4017B 
| MsI 


| CPy INPUT 
CP, INPUT 


Og OUTPUT 


O, OUTPUT 
O5 OUTPUT 
O03 OUTPUT 
O, OUTPUT 
Og OUTPUT 
Og OUTPUT 
Oz OUTPUT 


Og OUTPUT 


Og OUTPUT 


Og_g OUTPUT 
7284126 


Fig. 6 Timing diagram. 
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5-stage Johnson counter HEF 4017B 
| MSI 


APPLICATION INFORMATION 
Some examples of applications for the HEF4017B are: 


@ Decade counter with decimal decoding 

@ 1 out of n decoding counter (when cascaded) 
@ Sequential controller 

@ Timer. 


Figure 7 shows a technique for extending the number of decoded output states for the HEF4017B. 
Decoded outputs are sequential within each stage and from stage to stage, with no dead time (except 
propagation delay). 


MR 


MR MR 


0 
aicp, HEF4017B 


HY 
9 decoded 8 decoded 8 decoded 
outputs outputs outputs 


7284127 


clock 
first stage intermediate stages last stage 


Fig. 7 Counter expansion. 


Note 


It is essential not to enable the counter on CP, when CPg is HIGH, or on CPg when CP, is LOW, as the 
this would cause an extra count. | 
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PRESETTABLE DIVIDE-BY-N COUNTER 


MSi 


The HEF4018B is a 5-stage Johnson counter with a clock input (CP), a data input (D), an asynchro- 
nous parallel load input (PL), five parallel inputs (Pg to Pg), five active LOW buffered outputs (Og to 
Oy), and an overriding asynchronous master reset input (MR). 

Information on Pg to Pq is asynchronously loaded into the counter while PL is HIGH, independent of 
CP and D inputs. When P;_ is LOW, the counter advances on the LOW to HIGH transition of CP. By 
connecting Oo to O04 to D, the counter operates as a divide-by-n counter (n = 2 to 10; see also function 
selection below). Each register stage is a D-type master-slave flip-flop with a set-direct/clear-direct 
input. An internal code correction circuit provides automatic code correction of the counter. 

From any illegal code the counter is in a proper counting mode within 11 clock pulses. 


A HIGH on MR resets the counter (Og to 04 = HIGH) independent of all other inputs. 


2 |3 |7_ |9 
Po [Ps [Po [Ps [Pa 
PARALLEL LOAD 
CIRCUITRY 


G51S5 
COUNTER 
15|MR 
Reaaicic 
5 14 16 {11 
7269527.3 


Fig. 1 Functional diagram. 


FUNCTION SELECTION 


counter connect 
mode; remarks 
divide by 


sal cpl 


04 


no external! 


components 


needed 


AND gate 
needed; 
counter 
skips all 
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HIGH states 


HEF4018B 


P; 0, Oo O2 Po Vss 


7Z69486 


Fig. 2 Pinning diagram. 


HEF4018BP : 16-lead DIL; plastic(SOT-38Z). 


HEF4018BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 


HEF4018BT : 16-lead mini-pack; plastic 
(SO-16; SOT-109A). 


PINNING 

PL parallel load input 

Po to Pq4_ parallel inputs 

D data input | 
CP clock input (LOW to HIGH edge triggered) 
MR master reset input 


Oo to 04 buffered output (active LOW) 


APPLICATION INFORMATION 
Some examples of applications for the 
HEF4018B are: 


@ Programmable divide-by-n counter 
@ Programmable frequency division 
@ Timers 


FAMILY DATA 
| see Family Specifications 


Ipp LIMITS category MSI J 
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Presettable divide-by-n counter HEF4018B 
MSI 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 °C; input transition times < 20 ns 


ne typical formula for P (uW) ae freq. (MHz) 
a eireare ree ee fy = output freq. (MHz) 
Dynamic power 5 700 f, + L(foCL) x Vpn? C,_ = load capacitance (pF) 
dissipation per 10 3450 f) + L(fgCy) x Vpn? L(foC,) = sum of outputs 
package (P) 15 | 10300 f; + Z(foC,) x Vpn? Vpp = supply voltage (V) 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


ns 158 ns + (0,55 ns/pF) Cy 


Propagation delays 
cP —» 0 


HIGH to LOW ns 54 ns + (0,23 ns/pF) Cy 
ns 42 ns + (0,16 ns/pF) Cy 
ns 118 ns + (0,55 ns/pF) Cy. 

| LOW to HIGH ns 44 ns + (0,23 ns/pF) Cy 
| ns 32 ns + (0,16 ns/pF) Cy 
| PL —e®O ns 178 ns + (0,55 ns/pF) Cy 
| HIGH to LOW ns | 59ns+ (0,23 ns/pF) Cy 
ns 42 ns + (0,16 ns/pF) Cy 
ns 148 ns + (0,55 ns/pF) Cy. 

LOWto HIGH | 10 | tpyy 65 125 ns 54 ns + (0,23 ns/pF) Cy 

15 50 95 ns 42 ns + (0,16 ns/pF) Cy 
MR —» O 5 140 280° ns 113 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tery 55 105 ns 44 ns + (0,23 ns/pF) Cy 
15 40 80 sons 32 ns + (0,16 ns/pF) Cy 
Output transition | 

times 5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
HIGH toLOW | 10 | tru, 30 60 ns 9 ns + (0,42 ns/pF) Cy. 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy 

5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy, 
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HEF 4018B 
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A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 


VDD typical extrapolation 


| Set-up time | 5 130 65 ns 
D —»> CP 10 | toy 40 20 ns 
15 30 15 ns 
Hold time 5 20 —45 ns 
| D —» CP 10 | thold 5 —15 ns 
15 5 —10 ns 
Minimum clock 5 140 70 ns 
pulse width; LOW } 10 | twepL 50 25 ns 
15 40 20 ns 
Minimum MR pulse 5 100 50 ns shes Bie ag iaae te 
width; HIGH 10 twMRH| 35 20 ns Figs 4, 5 and 6 
15 25 15 ns : 
Minimum PL pulse 75 
3 _ width; HIGH 25 
| 20 
| Recovery time 70 
for MR 20 
15 
Recovery time 85 
for PL 30 
= 20 
| Maximum clock 4 
pulse frequency 11 
16 
CP INPUT 50°/o 
MR INPUT 


7Z269633.1 


Fig. 4 Waveforms showing minimum MR pulse width and MR recovery time. 
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Presettable divide-by-n counter HEF4018B 
MSI 


CP INPUT 


thold Yj + twee.-~ 


7275393 


eae tsu 
D INPUT 50 


Fig. 5 Waveforms showing minimum clock pulse width, set-up time and hold time for CP and D. 


CP INPUT 50 %o 


PL INPUT 


tsu ——+ | thold | 


7Z69662.1 


Fig. 6 Waveforms showing minimum PL pulse width, recovery time for PL, and set-up and hold times 
for P, to PL. Set-up and hold times are shown as positive values but may be specified as negative values. 
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CP INPUT 


MR INPUT 


ISW 
aslOvsasH 


PL INPUT 


oO 
oO 
=~ 
O 
ox 
om 
= 
wooed 
c 
oO 
i) 


Py INPUT 


P, INPUT 


state is immaterial until PL input goes HIGH 
P, INPUT 


P3 INPUT 


P,, INPUT 


Op OUTPUT 


0, OUTPUT 


6» OUTPUT 


03 OUTPUT 


6, OUTPUT 


| | 
| t 72698201 


Fig. 7 Timing diagram. 


Note 


D input connected to O4 for decade counter configuration. 


HEF 4019B 
MSI 


-~ 
QUADRUPLE 2-INPUT MULTIPLEXER - 


The HEF4019B provides four multiplexing circuits with common select inputs (Sq, Sp); each circuit 
contains two inputs (An, By) and one output (O,). It may be used to select four bits of information 
from one of two sources. 


The A inputs are selected when Sa is HIGH, the B inputs when Sp is HIGH. When Sa and Sp are 
HIGH, output (O,) is the logical OR of the Ay and By inputs (On = An + By). When Sa and Sp are 
LOW, output (O,) is LOW independent of the multiplexer inputs. 


13 
7Z269542.3 


HEF4019BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4019BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4019BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


| 7Z69487.1 
Fig. 2 Pinning diagram. 

PINNING 

SA, SB select inputs (active HIGH) Bo to B3 multiplexer inputs 
Ag toA3 = multiplexer inputs Qo to 03 multiplexer outputs 
FAMILY DATA 


see Family Specifications 
IpDp LIMITS category MSI 
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HEF4019B 
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B3 A3 B9 A2 By A4 Bo Ao 


03 02 O71 | OO -5269822.1 


Fig. 3. Logic diagram. 


TRUTH TABLE 


-ezzrarr|s|f 


select inputs output 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 


saacrazr|¥ 
cxzxmarx| 
rExErxxx| 2 
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Quadruple 2-input multiplexer HEF 4019B 
MSI 


A.C. CHARACTERISTICS 
Vss =O V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


symbol typ. max. 


Propagation delays 
An, Bn. SA, SB > On 


70 145 ns | 43ns+ (0,55 ns/pF) Cy 


HIGH to LOW 30 60 ns | 19ns + (0,23 ns/pF) Cy 
25 50 ns { 17ns+ (0,16 ns/pF) Cy 
60 130 ns | 33 ns + (0,55 ns/pF) Cy 
LOW to HIGH 25 50 ns | 14ns+ (0,23 ns/pF) Cy 


15 7 ns + (0,16 ns/pF) Cy 


Output transition 


times 60 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 30 60 ons} Qns+ (0,42 ns/pF) Cy 
20 6 ns + (0,28 ns/pF) Cy 

60 120 ns | 10ns + (1,0 ns/pF) Cy. 
LOW to HIGH 30 60° os 9 ns + (0,42 ns/pF) Cy 


20 6 ns + (0,28 ns/pF) Cy. 


where 
f; = input freq. (MHz) 

fy = output freq. (MHz) 
C, = load capacitance (pF) 
XU(fgC_) = sum of outputs 
Vpp = supply voltage (V) 


typical formula for P (uW) 


1200 fj + Z(foCy) x VppD’ 
5100 fj + Z(foCi) x Vpp? 


Dynamic power 
dissipation per 
package (P) 


APPLICATION INFORMATION 
An example of an application for the HEF4019B is: 
e True/complement selection. 
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-~ 
14-STAGE BINARY COUNTER a 


The HEF4020B is a 14-stage binary ripple counter with a clock input (CP), an overriding asynchronous 
master reset input (MR) and twelve fully buffered outputs (Og, 03 to 013). The counter advances on 
the HIGH to LOW transition of CP. A HIGH on MR clears all counter stages and forces all outputs LOW, 
independent of the state of CP. Each counter stage is a static toggle flip-flop. A feature of the 
HEF4020B is: high speed (typ. 35 MHz at Vpp = 15 V). 


12-STAGE COUNTER 


7273680.3 


Vop O19 Og O7 


7269488 
Fig. 2 Pinning diagram. 


HEF4020BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4020BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4020BT : 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PINNING 

CP clock input (HIGH to LOW edge triggered) 
MR master reset input (active HIGH) 

Og, 03 to 073 parallel outputs 


FAMILY DATA 
see Family Specifications 


IDp LIMITS category MSI 
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14-stage binary counter HEF 4020B 
MSI 


A.C. CHARACTERISTICS 
Vos = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns; see also waveforms Fig. 4 


YOD symbol | min. typ. max. 
Propagation delays 
CP — Oo 0 105 39210 78 ns + (0,55 ns/pF) Cy 


HIGH to LOW | 10 | tpyy, 45 90 ns 34 ns + (0,23 ns/pF) Cy. 
15 30 65 ns 22 ns + (0,16 ns/pF) Cy. 


typical extrapolation 
formula 


5 105 210° ns 78 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpey 50 95 ns 39 ns + (0,23 ns/pF) Cy. 
15 35 70 sons 27 ns + (0,16 ns/pF) Cy 
On —> Ont 1 5 80 160 ons 53 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy. 30 60 ns 19 ns + (0,23 ns/pF) Cy. 
15 20 40 ns 12 ns + (0,16 ns/pF) Cy 
5 70 140 ns 43 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpry 25 50 ns 14 ns + (0,23 ns/pF) Cy 
15 20 40 os 12 ns + (0,16 ns/pF) Cy 
MR —* O, 5 180 360 ons 153 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10) | tpyy 90 180 ns 79 ns + (0,23 ns/pF) Cy 
15 70 140 os 62 ns + (0,16 ns/pF) Cy 
Output transition 

times 5 60 120 ns 10 ns + (1,0 ns/pF) Cy. 
HIGH to LOW 10 | tty 30 60 ~—sns 9 ns + (0,42 ns/pF) Cy 
15 20 40 os 6 ns + (0,28 ns/pF) Cy 

5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 10 |tTLH 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40  ~ns 6 ns + (0,28 ns/pF) Cy 

Minimum clock 
pulse width; HIGH 


Minimum MR 
pulse width; HIGH 


Recovery time 
for MR 


Maximum clock 
pulse frequency 


where 
f; = input freq. (MHz) 

fy = output freq. (MHz) 
C= load cap. (pF) 
X(fgC,_) =sum of outputs 
VpDp = supply voltage (V) 


typical formula for P (uW) 


Dynamic power 
dissipation per 
package (P) 


600 fj + X(foCL) x Vpp’? 
2800 fj + X(foCL) x Vpp’ 
8200 fj + XU(fyCy) x VppD° 
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MR INPUT +$50% 


tWMRH 
—> —+trRmMR 


CP INPUT 50% 


[PHL 


Og or O, 
OUTPUT 


7275389 


Fig. 4 Waveforms showing propagation delays for MR to O, and CP to Og, minimum MR and CP 
pulse widths. 
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Fig. 5 Timing diagram. 


ISW 
GOcOvasH 


ami 
rs 
“A 
ot 
yy 
2 
@ 
o. 
=| 
ey 
Lome 
< 
2 
O 
= 
S 
or 
@ 
= 


HEF 4021B 
MSI 


e-- 
8-BIT STATIC SHIFT REGISTER Ge 
The HEF4021B is an 8-bit static shift register (parallel-to-serial converter) with a synchronous serial 


data input (Ds), a clock input (CP), an asynchronous active HIGH parallel load input (PL), eight 


asynchronous parallel data inputs (Pg to Pz) and buffered parallel outputs from the last three stages 
(O5 to O7). 


Each register stage is a D-type master-slave flip-flop with a set direct/clear direct input. Information on 
Pg to P7 is asynchronously loaded into the register while PL is HIGH, independent of CP and DS. When 
PL is LOW, data on Ds is shifted into the first register position and all the data in the register is shifted 
one position to the right on the LOW to HIGH transition of CP. Schmitt-trigger action in the clock 
input makes the circuit highly tolerant to slower clock rise and fall times. 


‘Ds CP PL]  HEF4021BP: 16-lead DIL; plastic (SOT-382Z). 


HEF4021BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 


HEF4021B HEF4021BT : 16-lead mini-pack; plastic (SO-16; SOT-109A). 


P, | 
6} Lz] Lay 
7269489 


Fig. 2 Pinning diagram. 


PINNING 

PL parallel load input 

Pg to P7 parallel data inputs 

Ds serial data input 

cP clock input (LOW to HIGH edge-triggered) 


Os toO7 _ buffered parallel outputs from the last three stages 


FAMILY DATA 


see Family Specifications 
[Dp LIMITS category MSI 
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r—>c +> oT = IC 
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P5 
O O 
| FF 
| 6 & 
Fig. 3 Logic diagram 
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8-bit static shift register HEF 4021B 
MSI 


FUNCTION TABLES 


Serial operation Parallel operation 


inputs outputs 


fe Tes [PC 95 [05 [or 
BE 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 

Xx state is immaterial 

J =positive-going transition 

“NX 

D 

n 


ra 
sp 
na 
na 
f, 
I 
L 


= negative-going transition 
n = either HIGH or LOW 
= number of clock pulse transitions 


A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 OC; Cy. = 50 pF; input transition times < 20 ns 


VDD typical extrapolation 


98 ns + (0,55 ns/pF)C,. 
44 ns + (0,23 ns/pF)C,_ 
32 ns + (0,16 ns/pF)Cy 


88 ns + (0,55 ns/pF)Cy 
39 ns + (0,23 ns/pF)Cy 
32 ns + (0,16 ns/pF)C,_ 


93 ns + (0,55 ns/pF)CL 
44 ns + (0,23 ns/pF)C,_ 
32 ns + (0,16 ns/pF)C | 


78 ns + (0,55 ns/pF)Cy. 
39 ns + (0,23 ns/pF)Cy 
32 ns + (0,16 ns/pF)Cy 


10 ns + (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy, 

10 ns + (1,0 ns/pF) Cy. 
9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy, 


Propagation delays 
CP _ On 
HIGH to LOW 


LOW to HIGH 


PL _—__ On 
HIGH to LOW 


LOW to HIGH 


Output transition 
times 
HIGH to LOW 


LOW to HIGH 
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A.C. CHARACTERISTICS 
Vss = OV; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


*DB symbol min. typ. max. [a 


Set-up times 
Dg—cCpP 


Pha PL 


Hold times 
Ds—®CP 


Py—® PL 


Minimum clock 
pulse width; LOW 


Minimum PL 
pulse width; HIGH 


Recovery time 
for PL 


Maximum clock 
pulse frequency 


Dynamic power 
dissipation per 
package (P) 


May 1983 


see also waveforms 
Figs 4 and 5 


where 
f; = input freq. (MHz) 

fo = output freq. (MHz) 
C, = load capacitance (pF) 
2 (fC ,_) =sum of outputs 
Vpp = supply voltage (V) 


900 f} + X(fgCL) x Vpp’ 
4300 fj + X(foCL) x Von” 
12000 f} + D(foCL) x Vpp’ 


8-bit static shift register HEF4021B 
MSI 


CP INPUT 


>) tsu tthoig fe 9! twope 


7269661 


Fig. 4 Waveforms showing minimum clock pulse width, set-up time and hold time for CP and Ds. 


CP INPUT 50 %o 


PL INPUT 


1t!_— tsy ———— thola | 


nner 7 YY) 


7269662.1 


Fig. 5 Waveforms showing minimum PL pulse width, recovery time for PL, and set-up and hold times 
for P, to PL. Set-up and hold times are shown as positive values but may be specified as negative values. 
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HEF4022B 
MSI 


-~ 
4-STAGE DIVIDE-BY-8 JOHNSON COUNTER Gs 


The HEF 4022B is a 4-stage divide-by-8 Johnson counter with eight spike-free decoded active HIGH 
outputs (Og to 07), an active LOW output from the most significant flip-flop (04.7), active HIGH and 
active LOW clock inputs (CPg, CP;) and an overriding asynchronous master reset input (MR). 

The counter is advanced by either a LOW to HIGH transition at CPg while CP; is LOW or a HIGH to 
LOW transition at CP while CPg is HIGH (see also function table). Either CPg or CP may 

be used as clock input to the counter and the other clock input may be used as a clock enable input. 
When cascading counters, the 04.7 output, which is LOW while the counter is in states, 4, 5, 6 and 7, 
can be used to drive the CPg input of the next counter. | 

A HIGH on MR resets the counter to zero (Og = 04.7 = HIGH; 01 to O7 = LOW) independent of the 
clock inputs (CPo9, CP). 

Automatic code correction of the counter is provided by an internal circuit, following any illegal! code 
the counter returis to a proper counting mode within 11 clock pulses. 


CNET OC NODS, BT AA PSO C2 BAY ARC 2 E42 ASSP 


4-STAGE JOHNSON COUNTER 
DECODING AND OUTPUT CIRCUITRY . 
CN CNCACCNCS CC 
2 1 13 (7 111 14 5 | 


7Z69565.2 10 


rel [1s] [ia] [13 fi2zL [i] fio 


Voo MR CPo GP; 6-7 0, 07 
HEF4022B 
0, Oo 05 Oc O¢ N.C. 


Fig. 1 Functional diagram. 


HEF4022BP : 16-lead DIL: plastic (SOT-382Z). 


OaWee HEF4022BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 


: Ter tel~ iT Ts HEF4022BT : 16-lead mini-pack; plastic (SO-16; SOT-109A). 
Fig. 2 Pinning diagram. ce 
PINNING 
CP9 clock input (LOW to HIGH; edge-triggered) 
CP, clock input (HIGH to LOW; edge-triggered) 
MR master reset input 


Og toO7 decoded outputs 
04.7 carry output (active LOW) 
FAMILY DATA 


see Family Specifications 
Ipp LIMITS category MSI 


@ Products approved to CECC 90 104-020. May 1983 
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4-stage divide-by-8 Johnson counter | HEF4022B 
MSI 


FUNCTION TABLE 


operation 


X Og = 04.7 =H; 07; toO7=L 

Xe Counter advances 

L Counter advances H = HIGH state (the more positive voltage) 
Xx No change L = LOW sstate (the less positive voltage) 
H No change X = state is immaterial 

ra No change / = positive-going transition 

L 


No change \. = negative-going transition 


A.C. CHARACTERISTICS 
Vss = 9 V; Tamb = 25 OC; Cy, = 50 pF; input transition times < 20 ns 


Propagation delays | 
CPo, CP} —> O, | | 168 ns + (0,55 ns/pF) Cy 
HIGH to LOW. 145 | 64 ns + (0,23 ns/pF) Cy 
1 42 ns + (0,16 ns/pF) Cy 


| 218 ns + (0,55 ns/pF) Cy 

LOW to HIGH | : 84 ns + (0,23 ns/pF) Cy 

| 52 ns + (0,16 ns/pF) Cy, 

CPo, CPy —» 04.7 | | | 218 ns + (0,55 ns/pF) Cy 
HIGH to LOW s | 79ns+(0,23 ns/pF) Cy 

iC | 52ns-+ (0, 16 ns/pF) Cy. 

| | | - | 163-ns + (0,55 ns/pF) Cy 

LOW to HIGH | : is |  64ns + (0,23 ns/pF) Cy 

| ns | 42ns + (0,16 ns/pF) C. 

MR —® 0} to 07 L | 103 ns + (0,55 ns/pF) Cy 

HIGH to LOW | - 44 ns + (0,23 ns/pF) Cy 

| 32. ns + (0,16 ns/pF) CL 


MR —®* Oo 7 103 ns + (0,55 ns/pF) Cy | 
LOW to HIGH | | 44 ns + (0,23 ns/pF) CL 
fi — 32ns+(0,16 ns/pF) Cy |. 
MR —® 04.7 7 83 ns + (0,55 ns/pF) Cy ~ 
LOW to HIGH 7 34 ns + (0,23 ns/pF) Cy_ 
| 27 ns + (0,16 ns/pE) CL | 


Output transition - | 
times an , ns | 10 ns + (1,0 ns/pF) CL 
HIGH to LOW 2 — Ons + (0,42 ns/pF) Cr 
— 6 ns + (0,28 ns/pF) Cy 
| ) 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH , 9 ns + (0,42 ns/pF) Cy 
iS 6 ns + (0,28 ns/pF) Cy 
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HEF 4022B 
Msi 


A.C. CHARACTERISTICS 
Vss = 0 V; Tampb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


renee 


OD symbol | min. typ. max. 
Hold times 5 140 70 ns 
CP9 —> CP | 10 thold 50 25 ns 
15 30 15 ns 
= 5 170 85 ns 
P, —®» CPo 10 | thoig | 60 30 ns 
15 40 20 ns 
~ Minimum clock 5 75 35 ns 
pulse width 10 | twecp 30. = 15 ns 
15 20 10 ns see also waveforms 
Minimum MR 5 70 «35 ns Figs 4 and 5 
pulse width; HIGH 10 | twwrRH | 30 15 ns 
15 20 10 ns 
Recovery time 5 30 3810 ns 
for MR 10 tRMR 15 5 ns 
15 10 5 ns 
Maximum clock 5 3 6 MHz 
pulse frequency 10 | fmax 8 16 MHz 
15 12 24 MHz 


where 
f; = input freq. (MHz) 
fo = output freq. (MHz) 


typical formula for P (uW) 


Dynamic power 475 f, + U(foCL) x Vpp’ C,_ = load capacitance (pF) 
dissipation per 2400 fj + Z(foCL) x Vpp? X(foC_) = sum of outputs 
package (P) 6700 f; + Z(foCL) x Vpp? VDp = supply voltage (V) 
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4-stage divide-by-8 Johnson counter HEF4022B 
MSI 


CP) INPUT 


CP, INPUT 


7Z69578.1 


Fig. 4 Waveforms showing hold times for CPg to CP and CP, to CPo. 
Hold times are shown as positive values, but may be specified as negative values. 


CP) INPUT 


MR INPUT 


<+— twurHy-—> 


7Z69574.2 


Fig. 5 Waveforms showing recovery time for MR; minimum CPg and MR pulse widths. 


Conditions: CP; = LOW while CPg is triggered on a LOW to HIGH transition. 
twcp and try, also apply when CPg = HIGH and CP} is triggered on 
a HIGH to LOW transition. 


October 1980 


HEF 4022B 


MSI 


CPo INPUT | 
CP, INPUT 
ww \| | | | | | | 
= 
worm Y | | | | i ft, 
a — 

mr fF 4 | | | | 

— 
o,0urn ft ft 

eco 

mate = wm ae 

: | 
count plan 


O, OUTPUT 


O7 OUTPUT 
O4-7 OUTPUT 
7269803.2 


Fig. 6 Timing diagram. 
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A-stage divide-by-8 Johnson counter HEF 4022B 
ai MSI 


APPLICATION INFORMATION 

Some of the features of the HEF4022B are: 
@ High speed 

@ Spike-free decoded outputs 

@ Carry output for cascading 


Figure 7 shows a technique for extending the number of decoded output states for the HEF4022B. 
Decoded outputs are sequential within each stage and from stage to stage, with no dead time (except 
propagation delay). 


MR MR 
Cp 


0 
I CP} HEF4022B 
Og 01----Og 07 


7 decoded 6 decoded 6 decoded 
outputs outputs outputs 


lock 7285101 
cloc 


first stage intermediate stages last stage 


Fig. 7 Counter expansion. 
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TRIPLE 3-INPUT NAND GATE 


HEF 4023B 


gates 


-~ 
Se 


The HEF4023B provides the positive triple 3-input NAND function. The outputs are fully buffered 
for highest noise immunity and pattern insensitivity of output impedance. 


7Z69566 


Fig. 1 Functional diagram. 


> of >o- O71 


7274507.1 


I 
lp 
I3 


Fig. 3 Logic diagram (one gate). 


FAMILY DATA 


HEF4023B 


ee 


Fig. 2 Pinning diagram. 


7Z69491 


14-lead DIL; plastic (SOT-27K, M, T). 
14-lead DIL; ceramic (cerdip) (SOT-73). 
14-lead mini-pack; plastic 

(SO-14: SOT-108A). 


HEF4023BP : 
HEF4023BD: 
HEF4023BT : 


see Family Specifications 


Ipp LIMITS category GATES 


@= Products approved to CECC 90 104-021. 
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HEF4023B 


gates 


A.C, CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


Propagation delays 


I, —» 0, 135 ns | 38 ns + (0,55 ns/pF) Cy 
HIGH to LOW 50 ~—ons_| 14ns + (0,23 ns/pF) Cy 
30. ~=ons 7 ns + (0,16 ns/pF) Cy. 

130 ~=ons | 38 ns + (0,55 ns/pF) Cy 

LOW to HIGH 60 ns | 19 ns + (0,23 ns/pF) Cy 
45 ns | 17 ns + (0,16 ns/pF) Cy 


Output transition 


times 120 ~=ons | 10 ns + 1,0 ns/pF) Cy 
HIGH to LOW 60 ns | 9ns+ (0,42 ns/pF) Cy 
40 ons 6 ns + (0,28 ns/pF) Cy. 
120 ns | 10ns + (1,0 ns/pF) Cy 
LOW to HIGH 60 ns | 9ns+t (0,42 ns/pF) Cy. 
40 ns | 6ns+ (0,28 ns/pF) Cy. | 


where 
f, = input freq. (MHz) 
fy = output freq. (MHz) 

C; = load capacitance (pF) 
Z(fgCy) = sum of outputs 
Vpp = supply voltage (V) 


typical formula for P (uW) 


tpraseiren nanan ont ane mtr em tne nner rere vine enen NA AN RCL OME TAMA ee at A) RES NTA cn 


1200 fj + Z(fgC_) x Vpp? 
5500 fj + D(foCL) x Vpp’ 
16 400 fj + 2(foCL) x Vpp’ 


Dynamic power 
dissipation per 
package (P) 
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HEF 4024B 
Ms! 


RORLAPAD RIDER IATAL Af DAUM na DORAL 


| - 
7-STAGE BINARY COUNTER tie 


The HEF 4024B is a 7-stage binary ripple counter with a clock input (CP), and overriding asynchronous 
master reset input (MR) and seven fully buffered parallel outputs (Og to Og). The counter advances on 
the HIGH to LOW transition of CP. A HIGH on MR clears all counter stages and forces all outputs 
LOW, independent of CP. Each counter stage is a static toggle flip-flop. 


HEF4024B 
Oe 020; 


HEF4024BP : 14-lead DIL; plastic (SOT-27K,M, T). 
HEF4024BD: 14-lead DIL: ceramic (cerdip) (SOT-73). 


| ‘ae HEF4024BT : 14-lead mini-pack; plastic 
Fig. 2 Pinning diagram. (SO-14; SOT-108A). 
PINNING 
CP clock input (HIGH to LOW triggered} 
MIR master reset input 


Og toQOg _ buffered parailel outputs 


APPLICATION INFORMATION 
Some examples of applications for the HEF4024B are: 


® Frequency dividers 
® Time delay circuits 


FAMILY DATA | 
see Family Specifications 
lbp LIMITS category MSI J 
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7-stage binary counter HEF4024B 
MSI 


A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 °C; Cy = 50 pF; input transition times < 20 ns; see also waveforms Fig. 4 


typical extrapolation 
formula 


Propagation delays 


CP —* Oo 73 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy. 40 75 ons 29 ns + (0,23 ns/pF) Cy 
15 25 50 ~—ons 17 ns + (0,16 ns/pF). Cy. 
| 5 105 210 os 78 ns + (0,55 ns/pF) Cy. 
LOW to HIGH 10 | tpyy 45 85 ns 34 ns + (0,23 ns/pF) Cy. 
15 30 60 ~—sons 22 ns + (0,16 ns/pF) Cy 
On —™ On +1 5 60 120 ns 33 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy 25 50 ~—ons 14 ns + (0,23 ns/pF) Cy 
15 20 40 ns 12 ns + (0,16 ns/pF) Cy. 
5 50 100 ~~ ns 23 ns + (0,55 ns/pF) Cy, 
LOW to HIGH 10 | tpey 20 40 ons 9 ns + (0,23 ns/pF) Cy 
15 1 30. =o ns 7 ns + (0,16 ns/pF) Cy 
MR —* On i 3-5 120 240 ons 93 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | toy. 45 90 ns 34 ns + (0,23 ns/pF) Cy 
15 30 60 ons 22 ns + (0,16 ns/pF) Cy 
Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 10 | tpyH 30 60 ns 9 ns + (0,42 ns/pF) Cy. 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy 
5 60 120 ns 10 ns + (1,0 ns/pF) Cy. 
LOW to HIGH 10 | tTLH 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy 
Minimum clock 5 60 30 ns 
pulse width; HIGH 10 | twcpyH | 30 15 ns 
15: | 20 10 ns 
Minimum MR 5 80 40 ns 
pulse width; HIGH 10 | twwryH | 35 20 ns 
15 25 15 ns 
Recovery time 5 20 10 ns 
for MR 10 | trwR 15 5 ns 
| 15 15 5 ns 


Viaximum clock 
pulse frequency 


5 

10 

15 
typical formula for P (uW) wisi 

5 

10 

15 


f; = input freq. (MHz) 
fo = output freq. (MHz) 
500 f+ Z(foCL) x Vpp’ C, = load cap. (pF) 
2100 f; + Z(foCL) x Vpp? L(fyC,) =sum of outputs 
5206 f, + L(fgCL) x Vpp’ VpDp = supply voltage (V) 


Dynamic power 
dissipation per 
package (P) 


October 1980 223 


HEF4024B 
MsI 


MR INPUT 


CP INPUT 


Oo or On 
OUTPUT 


7269741.2 


Fig. 4 Waveforms showing propagation delays for MR to O, and CP to Og, minimum MR and CP 
pulse widths and recovery time for MR. 
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HEF 4025B 


gates 


TRIPLE 3-INPUT NOR GATE er 


The HEF4025B provides the positive triple 3-input NOR function. The outputs are fully buffered for 
highest noise immunity and pattern insensitivity of output impedance. 


7269493 


Fig. 2 Pinning diagram. 


HEF4025BP : 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4025BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
1769548 HEF4025BT : 14-lead mini-pack; plastic 

(SO-14;: SOT-108A). 


Fig. 1 Functional diagram. 


14 
2 Eo Pe foe 
| 
3 7274506.1 


Fig. 3 Logic diagram (one gate). 


FAMILY DATA 
see Family Specifications 
IDp LIMITS category GATES 
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HEF4025B 


gates 


A.C. CHARACTERISTICS 
Vgg = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times <20 ns 


typical extrapolation 


formula 
Propagation delays 
ly —* On 70 135 43 ns + (0,55 ns/pF) Cy. 
HIGH to LOW tPHL 25 55 14 ns + (0,23 ns/pF) CL 
20 40 12 ns + (0,16 ns/pF) Cy 
60 120 33 ns + (0,55 ns/pF) Cy 
LOW to HIGH tPLH 25 50 14 ns + (0,23 ns/pF) Cy | 
15 35 7 ns + (0,16 ns/pF) Cy 
Output transition 
times 60 120 10 ns + (1,0 ns/pF) Cy. 
HIGH to LOW tTHL 30 60 9ns + (0,42 ns/pF) Cy 
20 40 6 ns + (0,28 ns/pF) Cy 


60 120 ns | 10ns + (1,0 ns/pF) CL 


tTLH 30 60 ns} Q9ns+(0,42ns/pF) Cr 
20 40 ns | 6 ns + (0,28 ns/pF) Cy 


LOW to HIGH 


where 
f; = input freq. (MHz) 
fy = output freq. (MHz) 


typical formula for P (uW) 


Dynamic power 900 fj + Z(fgC,) x Vpp ” C,_ = load capacitance (pF) 
dissipation per 4000 fj + Z(foC_) x Vpp ” — 2(fgC1_) = sum of outputs 
package (P) 10 900 fj + Z(foC) x Vpn ” | Vpp = supply voltage (V) 
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HEF4027B 


flip-flops 


a. 


DUAL JK FLIP-FLOP Ga 


The HEF4027B is a dual JK flip-flop which is edge-triggered and features indepedent set direct (Sp), 
clear direct (Cp), clock (CP) inputs and outputs (0,0). Data is accepted when CP is LOW, and transferred 
to the output on the positive-going edge of the clock. The active H!GH asynchronous clear-direct (Cp) 
and set-direct (Sp) are independent and override the J, K, and CP inputs. The outputs are buffered for 
best system performance. Schmitt-trigger action in the clock input makes ane circuit highly tolerant to 


slower clock rise and fall! times. 


726953 2.1 


Fig. 1 Functional diagram. 


10 CP, = " 
HEF4027B 


J; Spr] 


7Z69494 


Fig. 2 Pinning diagram. 


FAMILY DATA 


© Products approved to CECC 90 104-024. 


FUNCTION TABLES 


outputs 


H = HIGH state (the more positive voltage) 
| = LOW state (the less positive voltage) 

X = state is immaterial 

/ = positive-going transition 

On + 1 = state after clock positive transition 


PINNING 


J,K synchronous inputs 

CP clock input (L to H edge-triggered) 

Sp asynchronous set-direct input (active HIGH) 
Cp asynchronous clear-direct input (active HIGH) 
QO true output 

QO complement output 


HEF4027BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4027BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4027BT: 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


see Family Specifications 
Ipp LIMITS category FLIP-FLOPS 
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HEF4027B 


flip-flops 


Fig. 3. Logic diagram (one flip-flop). 
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Dual JK flip-flop HEF4027B 


flip-flops 


aA NR ORAL SE AAO he EEN PIA TEE 


A.C. CHARACHTERISTICS 


Vss =OV; Tamb * 


ey 


Propagation delays 


D 


ABEL LR ADIT! TELNET DOE TINE RIESE LITER ATE TOOT 


- 25 OC; Cy = 50 pF; input transition times < 


os eno ne earn en Nai LAPEER NTE etERREHTER nek oars 


20 ns 


wenn ena sere nmartnine-yansenditnvaratniefgan setae 


typical extrapolation 
formula 


cP —e 0,0 105 210 78 ns + (0,55 ns/pF) Cy 
HIGH to LOW | 10 tpHL 40 80 ons 29 ns + (0,23 ns/pF} Ci. 
15 30 60 ns 22 ns + (0,16 ns/pF) Cy 
5 85 170 =o ns 58 ns + (0,55 ns/pF) Cy. 
LOW to HIGH | 10 tPLH 35 70 sons 27 ns + (0,23 ns/pF) Cy 
15 30 60 ns 22 ns + (0,16 ns/pF) Cy 
Sp --» O 5 70 140 ns 43 ns + (0,55 ns/pF) Cy. 
LOW to HIGH | 10 tpl 30 60 =ons 19 ns + (0,23 ns/pF) Cy 
15 25 50 ons 17 ns + (0,16 ns/pF) Cy 
Cp —» O 5 120 240  ~ons 93 ns + (0,55 ns/pF) Cy. 
HIGH to LOW | 10 tPHL 45 90 ns 33 ns + (0,23 ns/pF) Cy 
15 35 70 ons 27 ns + (0,16 ns/pF) Cy 
Sp -* O 5 140 280 ns 113 ns + (0,55 ns/pF) Cy. 
HIGH to LOW | 10 tPpHL 55 110 ns 44 ns + (0,23 ns/pF) Cy 
15 40 80 =o ns 32 ns + (0,16 ns/pF) Cy 
Cp --» 0 5 75 150 ns 48 ns + (0,55 ns/pF) Cy 
LOW to HIGH | 10 tpLH 35 70 ons 24 ns + (0,23 ns/pF) Cy 
15 25 50 ons 17 ns + (0,16 ns/pF) Cy 
Output transition 
times 3) 60 120 os 10ns+ (1,0 ns/pF) Cy 
HIGH to LOW | 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) Cr 
| 15 20 40 ons 6 ns + (0,28 ns/pF) Cy 
5 60 120 ns 10ns+ (1,0 ns/pF) C 
LOW to HIGH | 10 tTLH 30 60 ns Q9ns + (0,42 ns/pF) C 
15 20 40 ons 6 ns + (0,28 ns/pF) C 
| Set-up time 5 50 25 ns | 
| J,K -- CP 10 | tsy 30 ~#210 ns | 
15 20 5 ns 
Hold time 5 25 0 ns 
J, K —-= CP 10 thold 20 0 ns 
15 15 5 ns 
Minimum clock 5 80 40 ns eiicaleereuaychonae 
pulse width; LOW | 10 tWCPL 30 15 ns Fias 4 
as 4and 5 
| 15 24 12 ns 
Minimum Sp, Cp 5 t 90 45 ns 
pulse width; HIGH} 10. | WSDF) 4g 20 ns 
15 | WCDH| 39 15 ns 
Recovery time 5 t 20 —-15 ns 
for Sp, Cp 10: eee | AB: 2200 ns 
15 | ROD | 19 -5 ns 
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HEF4027B 


flip-flops 


A.C. CHARACTERISTICS 
Vss =O V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


Maximum clock 
ulse frequency see also waveforms 
i | Fig. 4 


J=K=HIGH 


where 
f} = input freq. (MHz) 

fg = output freq. (MHz) 
C; = load capacitance (pF) 
2 (fC, ) =sum of outputs 
Vpp = supply voltage (V) 


typical formula for P (uW) 


900 f; + U(foCy) x VoD? 
4500 fj + Z(f4C,) x Vpp? 
13 200 fj, + Tlf) x VppD? 


Dynamic power 
dissipation per 
package (P) 


SS gay 


=~ twee. > 


CP INPUT 50% 


J,K INPUT 


7269823.2 


Fig. 4 Waveforms showing set-up times, hold times and minimum clock pulse width. 
Set-up and hold times are shown as positive values but may be specified as negative values. 
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HEF 4027B 


flip-flops 


Dual JK flip-flop 


Sp INPUT 


Cp INPUT 


CP INPUT 


O OUTPUT 


7Z69577.2 


Fig. 5 Waveforms showing recovery times for Sp and Cp; minimum Sp and Cp pulse widths. 


APPLICATION INFORMATION 
Some examples of applications for the HEF4027B are: 
@ Registers 


® Counters 


® Control circuits 
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HEF4028B 


MSI 


= 
1-OF-10 DECODER ee 


The HEF4028B is a 4-bit BCD to 1-of-10 active HIGH decoder. A 1-2-4-8 BCD code applied to inputs 
Ag to A3 causes the selected output to be HIGH, the other nine will be LOW. If desired, the device 
may be used as a 1-of-8 decoder with enable; 3-bit octal inputs are applied to inputs Ag, Ay and A> 
selecting an output Og to O7. Input Ag then becomes an active LOW enable, forcing the selected out- 
put LOW when Ag is HIGH. The HEF4028B may also be used as an 8-output (Og to O7) demulti- 
plexer with Ag to Az as address inputs and Ax as an active LOW data input. The outputs are fully 
buffered for best performance. | 


7273681.1 


HEF4028B 


O07 Og O5 O06 Vss 


7Z69495 


Fig.2 Pinning diagram 


HEF4028BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4028BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4028BT : 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PINNING 
Ag to A3 address inputs, 1-2-4-8 BCD 
Og to Og outputs (active HIGH) 


FAMILY DATA 
see Family Specifications 
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1-of-10 decader 


MSI 


TAIRA 5 TED CORP POT ‘ARISE OLIN NE OLY EOE NICD NE SEA A SRO 


TRUTH TABLE 


ele 


aa aiaae mee 


Ae 


HIGH state (the more positive voltage) 
LOW state (the less positive voltage) 


H 
L 


* Extraordinary states. 


HEF4028B 


MSI 


A.C. CHARACTERISTICS 
Vog = 0 V; Tamb = 25 OC: C, = 50 pF; input transition times < 20 ns 


Propagation delays 
An > On 
HIGH to LOW 


typical extrapolation 
formula 


73 ns + (0,55 ns/pF) Cy. 
29 ns + (0,23 ns/pF) Cy 
22 ns + (0,16 ns/pF) Cy 
63 ns + (0,55 ns/pF) Cy 
29 ns + (0,23 ns/pF) Cy 
22 ns + (0,16 ns/pF) Cy 


LOW to HIGH 


Output transition 
times 
HIGH to LOW 


10 ns+ (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cr 
6 ns + (0,28 ns/pF) Cy 

10 ns + (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy, 
6 ns + (0,28 ns/pF) Cy 


en a RC RE RC Ce 


LOW to HIGH 


pe nt ee ne cence nn a ner nanan mena ettattn re stetientnaeerttaatetannh ahr cape 


where 

f, = input freq. (MHz) 

f, = output freq. (M Hz) 
C, = load capacitance (pF). 
x (fC; ) = sum of outputs 
Vpp = supply voltage (V) 


typical formula for P (uW) 


350 f, + E(fC,) x Vp” 
2200 f, + Z(fgCp) x Vp” 


| Dynamic power | 
dissipation per 
package (P) 
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SYNCHRONOUS UP/DOWN COUNTER, 
BINARY/DECADE COUNTER 


The HEF4029B isa synchronous edge- triggered up/down = bit Bae cennoe: poner al a 


binary/decade control input (BIN/DEC), an overriding Serra: active HIGH ae load an 
(PL), four parallel data inputs (Pg to P3), four parallel buffered outputs (Og to 03) and an active LOW 
terminal count output (TC). 


Information on Pg to P3 is asynchronously loaded into the counter while PL. is HIGH, independent 
of CP. 

The counter is advanced one count on the LOW to HIGH transition of CP when CE and PL are LOW. 
The TC signal is normally HIGH and goes LOW when the counter reaches its maximum count in the 
UP mode, or the minimum count in the DOWN mode provided CE is LOW. 


HEF40296 


Co/Sp 


COUNTER _ 


Se nincihibemeee nanan LOAD Cl RCUITRY 
a= 


“7273682. 1 


Fig. 2 Pinning diagrass. 


72Z73683.3 


Fig. 1. Functional diagram. 
7 HEF4029BP : 16-lead DIL; plastic (SOT-382Z). 


: 7 - Be ¢ HEF4029BD: 16-iead DIL; ceramic (cerdip) (SOT- 74). 
PINNING | | _ | HEF4029BT : 16-iead mini-pack; plastic 


PL parallel. load input (SO-1 6; SOT-109A). 


Pg toP3 parallel data inputs 

BIN/DEC binary/decade control input 

UP/DN up/down control input. 

CE ——_—s count enable input (active LOW) 

cP. clock input (LOW to HIGH, edge triggered) 
Oo to 03 buffered parallel outputs — 


TO ae ah terminal count output (active LOW) 


FAMILY DATA a 
see Family Specifications 


pp LIMITS category MSI 
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Fig. 3a Logic diagram (continued in Fig. 3b). 
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Fig. 3b Logic diagram (continued from Fig. 3a). 
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HEF 4029B 


FUNCTION TABLE 


BIN/DEC 


parallel load (Pj; —* Op) 
no change 

count-down, decade 
count-up, decade 
count-down, binary 
count-up, binary 


X 
X 
T 
ye 
a 
ri 


H = HIGH state (the more positive voltage) 
L.= LOW state (the less positive voltage) 
X = state is immaterial 

| = positive-going clock pulse edge 


October 1980 


Synchronous up/down counter, binary/decade counter HEF4029B 


MSI 


count up ———— count down 1269575 


Fig. 4 State diagram; BIN/DEC = LOW. 


PROPER © 


; 


~ 


| 
el 
-> ——>| -> -> 
D=o=0=0 


count up —--- count down 7269576 


Fig. 5 State diagram; BIN/DEC = HIGH. 


Logic equation for terminal count: 


TC = CE (BIN/DEC-UP/DN +0904 09-03 + BIN/DEC-UP/DN 09-01 °09-03 + 


BIN/DEC-UP/DN-09-03 + BIN/DEC-UP/DN-09:04:09:0 


3) 
. | October 1980 
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A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; input transition times < 20 ns 


where 
f; = input freq. (MHz) 
fo = output freq. (MHz) 


typical formula for P (uW) 


Dynamic power 1000 fj + D(foCy) x Vpp? C,_ = load capacitance (pF) 
dissipation per 4500 fj + Z(foCL) x Vpp? X(fgC,_) = sum of outputs 
package (P) 11500 fj + L(f9C_) x Vpp? Vpp = supply voltage (V) 


A.C. CHARACTERISTICS — 
Vss =0 V; Tamb = 25 OC; Cy, = 50 pF; input transition times < 20 ns 


“DD symbol | min. — typ. ; 
Propagation delays 
CP —» Or 5 145 290 ns 
HIGH to LOW | 10 55 110° ns 


typical extrapolation 
formula 


118 ns + (0,55 ns/pF) Cy 
44 ns + (0,23 ns/pF) Cy. 


Output transition 
times 
HIGH to LOW 


15 40 75 ns | 32ns+ (0,16 ns/pF) Cy 

5 160 315 ns | 133 ns + (0,55 ns/pF) Cy 

LOW to HIGH 10 | tery 60 120 ns | 49ns+ (0,23 ns/pF) CL 

15 40 80 ns 32 ns + (0,16 ns/pF) Cy 

CP —» TC 5 280 560 ns | 253ns + (0,55 ns/pF) Cy 

HIGH to LOW 10 | tpHe 105 205 ons; 94ns+ (0,23 ns/pF) CL 

15 70 140 ns -62ns+ (0,16 ns/pF) Cy 

5 195 385 ns 168ns+ (0,55 ns/pF) Cy 

LOW to HIGH 10 | tery 75 150 ns; 64ns+ (0,23 ns/pF) CL 
15 55 105 ns | 47 ns+ (0,16 ns/pF) CL | 

PL —m» O, | 5 120 240 ns; 93ns+ (0,55 ns/pF) Cy 

HIGH to LOW 10 | tpHL 50 100 ns | 39ns+ (0,23 ns/pF) Cy 

15 | 35 70 ns | 27 ns + (0,16 ns/pF) Cy 

5 170 335 ns | 143 ns + (0,55 ns/pF) Cy 

LOW to HIGH 10 | tplH 65 130 ns} 54ns+ (0,23 ns/pF) Cy 

15 45 90 ns | 37 ns + (0,16 ns/pF) Cy 

CE —» TC 5 180 360 ns | 153ns + (0,55 ns/pF) Ci 

HIGH to LOW 10 | tpyy 70 140 onsj| 59ns+ (0,23 ns/pF) Cy 

15 50 100° ons | 42 ns + (0,16 ns/pF) Cy 

5 170 335 ns; 143 ns + (0,55 ns/pF) Cy 

LOW to HIGH 10 | tery 65 135 ns; 54ns+ (0,23 ns/pF) Cy 

15 | | 50 100 ns | 42ns+ (0,16 ns/pF) CL 

| 


10 ns + (1,0 ns/pF) CL 
tTHL 30 60 ns 9 ns + (0,42 ns/pF) Cy 
20 40 ns 6 ns + (0,28 ns/pF) Cy 


60 120 nsj 10ns+(1,0ns/pF) Cy 
30 60 ns 9 ns + (0,42 ns/pF) Cy 


20 40 os 6 ns + (0,28 ns/pF) Cy. | 


May 1983 | 


LOW to HIGH 


symbol | min typ max 
Minimum clock 5 110 55 ns | | 
pulse width; LOW | 10 | twopt | 35 20 ro | 
ihe) 25 15 ns | | 
Minimum PL 5 160 80 ns | | 
pulse width; HIGH 10 | tWPLH 55 25 ns | | 
15 | oe: ns 
| 
Recovery time 5 150 #5 ns | 
for PL 10 | tap, 50-25 ns | | | 
15 35 =. 20 ie al 
Set-up times 5 270 135 ns | ! 
BIN/DEC -—» CP 10? Aras 90 45 ns | | 
| 15 60 30 ns 
| _ 5 300 150 ns 
UP/DN -— CP 10. 1 "te, 105 = 55 ns | | 
15 75 = 35 ns | | 
5 120 ~=60 as. Ge 
CE —» cP 10> 3) tee 45 25 ns | ! 
15 35 20 NS | | see also waveforms 
| 5 70 a6 ns | Figs 6 and 7 
Pym PL oe eee 20 10 ns | 
! 15 | 10 2) «5 ns | | 
| Hold times 5 45 —90 ns | | 
| BIN/DEG —™ CP | 10 | tholg 15 —30 ns | | 
15 10 20 ns | | 
5 15 —135 ns | | 
UP/DN —* CP 10 | thold O —50 ns | 
| 15 5 +35 ns | | 
| 5 30 —30 ns | 
| CE -—» CP 10 | thold 10 —10 ns | | 
15 5 —10 ns || 
5 15 ~—20 ns | 
Py aoe PL 10 | thold O 10 ns | | 
15 0 —5 ns | 
Maximum clock 5 4 8 MHz | | 
pulse frequency 10 | fmax 12 25 MHz ! 
15 18 35 MHz | | 
Sone aT aT Ree OOemTE Pees [eer ae NL eRe oe ene ne See ey 
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CP INPUT 150 % 50%  Fs0% 
\ | | 
<@——T wep > ? _. Soe Theis == 

CE INPUT 50 %o 

BIN/DEC INPUT $ 50%. 50% 

WSL eon ARGOS ROR ROR RSC Co SIURU ce Ninauena | 
Mt toy lt thoig et tru a a a ieee thoid > 
~ UP/DN INPUT F 50% E50 %o 


ARE SERNA 3M AVR RBA NA URSA OA A RNA YR RT OD 


| <¢-———~ tey need | <n thoid ap | eg ——— Ley ——— > | <a ———— thold pe | = 72738 18.1 


Fig. 6 Waveforms showing minimum pulse width for CP, set-up and hold times for CE to CP, BIN/DEC 
to CP and UP/DN to CP. Set-up and hold times are shown as positive values but may be specified as 
- negative values. 


PL INPUT 


P, INPUT 


7273817. 
Fig. 7 Waveforms showing minimum pulse width for PL, recovery time for PL, and set-up and hold 


times for P,, to PL. Set-up and hold times are shown as positive values but may be specified as 
pee. values. 
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Fig. 8 Timing diagram; decade mode; Pg = LOW; P3 = LOW; BIN/DEC = LOW. 
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Fig. 9 Timing diagram; binary mode; Pg = HIGH; Py = LOW; BIN/DEC = HIGH. 


Synchronous up/down counter, binary/decade counter 


APPLICATION INFORMATION 
Some examples of applications for the HEF4029B are: 


HEF4029B 


Programmable binary and decade counting/frequency synthesizers - BCD output. 


Analogue-to-digital and digital-to-analogue conversion. 
Up/down binary counting. 
Magnitude and sign generation. 


Up/down decade counting. 


Difference counting. 
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APPLICATION INFORMATION (continued) 


up/down . 
preset aera ee ee, fe ee 


enable 


an 
Mm 
TI 
= 4 
A, 
NO 
Ke) 
WO 


HEF4029B ic 


OCE HEF4029B 
BIN/DEG CP Og 0, Op 03 


clock 
binary/ 
decade ’ 
Fig. 10 Example of parallel clocking when cascading HEF4029B ICs. 


7285131 


up/down 
preset 
enable 


Ol CE HEF4029B 
BIN/DEC CP Og 0, O05 03 


clock 
binary/ — 
decade 7285130 
Fig. 11 Example of ripple clocking when cascading HEF4029B ICs. Ripple clocking mode: the up/down control can be 
changed at any count; the only restriction on changing the up/down control is that the clock input to the first counting 
stage must be HIGH. 
Note 


TC lines at all stages after the first may have a negative-going glitch pulse resulting from differential delays of different HEF4029B ICs. These 
negative-going glitches do not affect proper HEF4029B operation; however if the TC signals are used to trigger other edge-sensitive logic devices, 
such as flip-flops or counters, the TC signals should be gated with the clock signal using a 2-input OR gate such as HEF4071B. 


HEF4030B 


gates 


QUADRUPLE EXCLUSIVE-OR GATE Vs 


The HEF4030B provides the positive quadruple exclusive-OR function. The outputs are fully 
buffered for highest noise immunity and pattern insensitivity of output impedance. 


7Z69496 


Fig. 2 Pinning diagram. 


HEF4030BP : 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4030BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
HEF4030BT : 14-lead mini-pack; plastic 

(SO-14; SOT-108A). 


7269549 


Fig. 1 Functional diagram. 


I, +> 

O— 0, 
lo +> 

7Z74505.1 


Fig. 3 Logic diagram (one gate). TRUTH TABLE 


H = HIGH state (the more 


FAMILY DATA | positive voltage) 
| see Family Specifications L = LOW state (the less 
IpDp LIMITS category GATES J positive voltage) 
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gates 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 


Propagation delays 


In —® Op 85 «175 | 
HIGH to LOW 35 75 
30 55 
75 150 
LOW to HIGH 30 65 
25 50 
Output transition 
times 60 120 
HIGH to LOW 30 60 
20 40 
60 120 
LOW to HIGH 30 60 
20 40 
DD | typical formula for P (uW) 
Dynamic power 5 1100 f) + L(foCL) x VppD? 
dissipation per 10 4900 fj + L(f9CL) x Vpp’ 
package (P) 15 14400 fj + Z(fgCL) x Vpp? 


‘May 1983 


typical extrapolation 
formula 


57 ns+ (0,55 ns/pF) Cy; | 
24 ns + (0,23 ns/pF) Cy ~ 
22 ns + (0,16 ns/pF) Cy 

47 ns + (0,55 ns/pF) Cy 
19 ns + (0,23 ns/pF) Cy 

17 ns + (0,16 ns/pF) Cy 


10 ns + (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 

10 ns + (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 


where 

fj = input freq. (MHz) 

fo = output freq. (MHz) 
C,_ = load capacitance (pF) 
X(foCi) = sum of outputs 
VDD = supply voltage (V) 


HEF 4031B 
Ms! 


64-STAGE STATIC SHIFT REGISTER os 


The HEF4031B is an edge-triggered 64-stage static shift register with two serial data inputs (Da, Dp), a 
data select input A/B, a clock input (CP), a buffered clock output (CO), and buffered outputs from the 
64th bit position (0g3, 063). The output 063 is capable of driving one TTL load. 


Data from Da or Dg, as determined by the state of A/B, is shifted into the first shift register position 
and all the data in the register is shifted one position to the right on the LOW to HIGH transition of 
CP. Dx is selected by a LOW, and Dp by a HIGH on A/B. Registers can be cascaded either by connecting 
all CP inputs together or by driving CP of the most right-hand register with the system clock and con- 
necting CO to CP of the preceding register. When the second technique is used in the recirculating - 
mode, a flip-flop must be used to store 0g3 of the most right- hand register until the most left-hand 
register is clocked. 


64 —- STAGE 


STATIC SHIFT 
REGISTER 


7Z69534.2 
Fig. 1 Functional diagram. 
PINNING 
Da, Dp data inputs 
A/B data select input 
CP clock input (LOW to HIGH edge-triggered) 
CO buffered clock output 
| 7269497. 063 buffered output from the 64th stage 
Fig. 2 Pinning diagram. 063 complementary buffered output from 


the 64th stage 
HEF4031BP : 16-lead DIL: plastic (SOT-38Z). 
HEF4031BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4031BT : 16-lead mini-pack; plastic 
(SO-16; SOT-109A). 


FAMILY DATA 
see Family Specifications. 


Ipp LIMITS category MSI 
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oO 060 
7269824.1 


Fig. 3 Logic diagram. 


D.C. CHARACTERISTICS 
Vss = OV; V} = Vss or Vop 


Tamb (°C) 
Vop | VOH ee 6 
max. min. max. 

Output (source) 0,85 

current 25 

HIGH; O63 13,5 8,5 

HIGH; 063 2,5 
Output (sink) 475 2,3 

current 8,0 

LOW; 063 20,0 
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A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 


Propagation delays 
CP —® 063 
HIGH to LOW 


LOW to HIGH 


CP ——- 063 
HIGH to LOW 


LOW to HIGH 


CP --» CO 
HIGH to LOW 


LOW to HIGH 


Output transition 
times; O63 
HIGH to LOW 


LOW to HIGH 


Output transition 
times; Og3, CO 
HIGH to LOW 


LOW to HIGH 


64 stage static shift register 


Vppb 


TPLH 


TPHL 


tPLH 


tPHL 


tPLH 


'THL 


tTLH 


typ. 


HEF 4031B 
MSI 


typical extrapolation 
formula 


167 ns + (0,26 ns/pF) Cy 
57 ns + (0,16 ns/pF) Cy. 
40 ns + (0,11 ns/pF) Cy 


148 ns + (0,45 ns/pF) Cy 
56 ns + (0,19 ns/pF) Cy 
39 ns + (0,13 ns/pF) Cy. 


163 ns + (0,55 ns/pF) Cy 
64 ns + (0,23 ns/pF) Cy 
42 ns + (0,16 ns/pF) Cy 


163 ns + (0,55 ns/pF) Cy 
64 ns + (0,23 ns/pF) Cy. 
42 ns + (0,16 ns/pF) Cy. 


43 ns + (0,55 ns/pF) Cy. 
24 ns + (0,23 ns/pF) Cy 
17 ns + (0,16 ns/pF) Cy. 


28 ns + (0,55 ns/pF) Cy 
19 ns + (0,23 ns/pF) Cy 
17 ns + (0,16 ns/pF) Cy 


5 ns + (0,40 ns/pF) Cy. 
3 ns + (0,18 ns/pF) Cy 
2 ns + (0,13 ns/pF) Cy 


8 ns + (0,65 ns/pF) Cy 
5 ns + (0,30 ns/pF) Cy 
3 ns + (0,20 ns/pF) Cy 


10ns+ (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 
10ns+ (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 
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A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


| VDD min. typ. max. 


typical extrapolation 
formula 


Set-up times 5 25 0 
Da, Dp —* CP 10 toy 25 —-5 
15 16 —10 

5 30 10 

A/B —* CP -. 10 tsy 15 0 
15 10 5 


Hold times 5 40 10 
Da ba ever 10 ee 40 10 _ ere waveforms 
15 a0) 10 ns 
5 , AQ 10 ns 
A/B —® CP 10 thold AO 10 ns 
15 40 10 ns 
Minimum clock | 
pulse width; 5 186 90 ns 
LOW 10 tWePL 70 35 ns 
15 50 25 ns 
Maximum clock 5 2,5 5 MHz 
pulse frequency 10 tmax f 14 MHz 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; input transition times < 20 ns 


© |¥80 |) pica format for tu a? where 


f, = input freq. (MHz) 
fy = output freq. (MHz) 

C,_ = load capacitance (pF) 
X(foC,_) = sum of outputs 
Vpp = supply voltage (V) 


nee Sinan ee seein CER ts 


Dynamic power 
dissipation per 
package (P) 


4000 f; + Z{fyC) x Vpp? 
19 000 f; + E{fgC) x Vpp? 
54 000 f, + Z(fgCL) x Vpp? 
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64-stage static shift register 


CP INPUT 


ae i+ Thoid 


~—thold 


LMA 


7274595 


A/B INPUT 


Fig. 4 Waveforms showing minimum clock pulse width, set-up and hold times for Da, Dg to CP and 
A/B to CP. Set-up and hold times are shown as positive values but may be specified as negative values. 


APPLICATION INFORMATION 
An example of an application for the HEF4031B is: 


® Serial shift register. 
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APPLICATION INFORMATION 


VDD 
= 
= } data Da 063 ee output 
© A/B HEF4031B HEF 4031B a HEF 4031B a HEF 4031B 
oe y (2) D | 
BCP | 
(1) | | 
WI, Y/// 
clock pers 
driver 
7Z84278 
(1) Recirculating input. 
(2) Mode control: Vpp = recirculation; ground (Vss) = new data. 
Fig. 5 Cascading using direct clocking for high speed operation (see clock rise and fall time requirements). 
VDD | 
l data —] Dr 063 3 --- output 
A/B HEF4031B HEF 4031B HEF4031B HEF 4031B | 
O (2) D = zi Ee 
(1)} L8co_ cp eet | 
‘7 | i 7 | 
| , | | ae | clock 
| driver 


7284277 


(1) Recirculating input. 

(2) Mode control: Vpp = recirculation; ground (Vss) = new data. 

(3) For recirculation mode only, FF to delay data until first register delayed clocking has occurred. 
(4) Delayed clock-to-clock; new data into first register. 


Fig. 6 Cascading using delayed clocking for reduced clock drive requirements. 
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4-BIT UNIVERSAL SHIFT REGISTER Coe 


The HEF4035B is a fully synchronous edge-triggered 4-bit shift register with a clock input (CP), four 
synchronous parallel data inputs (Pg to P3), two synchronous serial data inputs (J, K), a synchronous 
parallel enable input (PE), buffered parallel outputs from all 4-bit positions (Og to O3), a true/comp- 
lement input (T/C) and an overriding asynchronous master reset input (MR). 

Each register is of a D-type master-slave flip-flop. 


Operation is synchronous (except for MR) and is edge-triggered on the LOW to HIGH transition of the 
CP input. When PE is HIGH, data is loaded into the register from Pg to P3 on the LOW to HIGH 
transition of CP. 


When PE is LOW, data is shifted into the first register position from J and K and all the data in the 
register is shifted one position to the right on the LOW to HIGH transition of CP. D-type entry is 
obtained by interconnecting J and K. When J = HIGH and K = LOW the first stage is in the toggle mode. 
When J = LOW and K = HIGH the first stage is in the hold mode. 


The outputs (Og to 03) are either inverting or non-inverting, depending on T/C state. With T/C HIGH, 
Op to 03 are non-inverting (active HIGH) and when T/C is LOW, Og to O3 are inverting (active LOW). 


A HIGH on MR resets all four bit positions (Og to O03 = LOW if T/C = HIGH, Og to 03 = HIGH if 
T/C = LOW) independent of all other input conditions. 


Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock rise and fall 
times. 


PARALLEL ENABLE CIRCUITRY 


Dy Dy 
SHIFT REGISTER 4-BiITS 


7269535.3 


Fig. 1 Functional diagram. 
FAMILY DATA 
| + see Family Specifications 


IpDp LIMITS category MSI 
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4-bit universal shift register | HEF 4035B 


MSI 
7Z69498 
Fig. 3 Pinning diagram. 
HEF4035BP : 16-lead DIL; plastic (SOT-382Z). 
HEF4035BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4035BT : 16-lead mini-pack; plastic 
(SO-16; SOT-109A). 
PINNING 
PE | parallel enable input CP clock input (LOW to HIGH edge- 
Pg to P23 parallel data inputs 7 triggered) 
J first stage J-input (active HIGH) TIC true/complement input 
K first stage K-input (active LOW) MR master reset input 
Og to 02 buffered parallel outputs 


FUNCTION TABLES 
Serial operation first stage 


inputs output 


mode of operation 


eee eee eee 
D flip-flop | 
D flip-flop T/C = HIGH; PE = LOW 
toggle | 
no change | 

| 


reset 


Parallel operation 


inputs outputs 


T/C = HIGH; PE = HIGH; MR = LOW 


_ = positive-going transition 
H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
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HEF4035B 


MSI 


A.C. CHARACTERISTICS 


Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


Ye NA LER Re REID ent enn iO at mer 


Propagation delays 
HIGH to LOW 


LOW to HIGH 


MR —® O, 
HIGH to LOW 


LOW to HIGH 


T/C —» O, 
HIGH to LOW 


LOW to HIGH 
Output transition 


times 
HIGH to LOW 


LOW to HIGH 


May 1983 


ee ne 


typical extrapolation 
formula 


143 ns + (0,55 ns/pF) Cy 
59 ns + (0,23 ns/pF) Cy 
42 ns + (0,16 ns/pF) Cy, 


123 ns + (0,55 ns/pF) Cy 
54 ns + (0,23 ns/pF) Cy 
42 ns + (0,16 ns/pF) Cy 


88 ns + (0,55 ns/pF) Cy 
39 ns + (0,23 ns/pF) Cy 
32 ns + (0,16 ns/pF) Cy. 


88 ns + (0,55 ns/pF) Cy 
39 ns + (0,23 ns/pF) Cy 
32 ns + (0,16 ns/pF) Cy 


78 ns + (0,55 ns/pF) Cy 
39 ns + (0,23 ns/pF) Cy 
27 ns + (0,16 ns/pF) Cy 


58 ns + (0,55 ns/pF) Cy 
34 ns + (0,23 ns/pF) Cy 
27 ns + (0,16 ns/pF) Cy. 


10ns+ (1,0 ns/pF) Cy 
9ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Ci. 
10 ns+ (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy. 


4-bit universal shift register HEF4035B 
MSI 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy. = 50 pF; input transition times < 20 ns 


“DD symbol | min. typ. max. 
Minimum clock 5 80 40 
pulse width; LOW 10 | twcpe | 40 20 
15 30 15 
Minimum MR 5 50 25 
pulse width; HIGH 10 | twmrRyH; 30 15 
15 20 10 
| Recovery time 5 50 20 
for MR 10 | tryR 40 15 
15 25 10 
Set-up times 5 40 5 
! 15 15 0 
5 50 25 | 
PE —» CP 10 | tey 35 15 see also waveforms 
15 30 10 ns Figs 4 and 5 
5 55 40 ns 
J, K —» CP 10: 4 teig 35 15 ns 
15 25 10 ns 
‘Hold times 5 | 25 10 ns 
Py —> CP 10 | thold 20 10 ns 
15 0 10 ns 
5 15 —5 ns 
PE —-» CP 10 | thold 10 —5 ns 
15 5 —5 ns 
: 5 10 —5 ns 
J, K —» CP 10 | thold 10 0 ns 
15 10 0 ns 
Maximum clock 5 5 10 MHz 
pulse frequency 10 | fmax 12 25 MHz 


f; = input freq. (MHz) 
fy = output freq. (MHz) 
Cy = load cap. (pF) 
X(fgC_) =sum of outputs 
Vpp = supply voltage (V) 


1000 f; + Z(fgCL) x Vpn? 
6 000 f; + Z(foCL) x Vpp? 
20 000 f; + Z(fgC.) x Vpp? 


Dynamic power 
dissipation per 
package (P) 
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c9¢ 


a 
m 
mu 
- +— twcpL—> a S 
ao GO 
: c 
al CP INPUT 50% 50% 7 
oO ; 
0 
ro) 
+tsu>! thold + —> tsu l¢thold > 
PE INPUT | 50% 50 %o 50%. 


g— 


Gia 


+tsu>! thoid |+- 


+tsu>! thoid 


Fig. 4 Waveforms showing minimum clock pulse width, set-up times, hold times. Set-up times and hold times are shown as positive values 
| but may be specified as negative values. 


4-bit universal shift register | HEF4035B 
MSI 


CP INPUT 50 °o 


— tear i 


MR INPUT 50% 50% 


72696331 


Fig. 5 Waveforms showing minimum MR pulse width and MR recovery time.: 


APPLICATION INFORMATION 

Some examples of applications for the HEF4035B are: 

® Counters, registers, arithmetic-unit registers, shift-left/shift-right registers. 
@ Serial-to-parallel/parallel-to-serial conversions. 

@ Sequence generation. 

@ Control circuits. 
e 


Code conversion. 


Oo left shift 
serial output 
O07 
O2 
left shift __ 
serial input 
V | ats QO. right shift 
DD eee 3 serial output 
HEF 4035B 
Og T/C K J MR CP PE Veg 
44 
right shift 
serial input 
reset 
clock 
left/right | 
shift select 7284281 


Fig. 6 Shift-left/shift-right register. 
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HEF 4040B 


MSI 


12-STAGE BINARY COUNTER i 


The HEF4040B is a 12-stage binary ripple counter with a clock input (CP), an overriding asynchronous 
master reset input (MR) and twelve fully buffered outputs (Og to 014). The counter advances on the 
HIGH to LOW transition of CP. A HIGH on MR clears all counter stages and forces all outputs LOW, 
independent of CP. Each counter stage is a static toggle flip-flop. Schmitt-trigger action in the clock 
input makes the circuit highly tolerant to slower clock rise and fall times. 


12-STAGE COUNTER 


HEF4040BP : 16-lead DIL; plastic (SOT-38Z) ; 


O, 0; HEF4040BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 


HEF4040BT : 16-lead mini-pack; plastic 
1269499 (SO-16; SOT-109A). 


Fig. 2 Pinning diagram. 


PINNING 
cP clock input (HIGH to LOW edge-triggered) 
MR master reset input (active HIGH) 


Og to O71 parallel outputs 


APPLICATION INFORMATION 
Some examples of applications for the HEF4040B are: 


@ Frequency dividing circuits 
@ Time delay circuits 
@ Control counters 


FAMILY DATA 
see Family Specifications 


IDp LIMITS category MSI 
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HEF 4040B 


MSs! 


“zk —\> 


Oo oF 7Z69839.4 Dag 
Fig. 3 Logic diagram. 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy, = 50 pF; input transition times < 20 ns 


VDD ; typical extrapolation 


Propagation delays 


CP —» 00 5 105 210 ns }; 78ns+ (0,55 ns/pF) Cy 
HIGH to LOW 10) | tpyy 45 90 ns 34 ns + (0,23 ns/pF) Cy 
15 35 70 ons 27 ns + (0,16 ns/pF) Cy 
5 85 170 os 58 ns + (0,55 ns/pF) Cy | 
LOW to HIGH 10 | tery 40 80 ns 29 ns + (0,23 ns/pF) Cy 
15 30 60  ~=oins 22 ns + (0,16 ns/pF) Cy 
—_ On —> On+ 4 5 35 70 ns Note (0,55 ns/pF) Cy | 
ae HIGH to LOW 10 | tpyy. 15 30  ~=ons note (0,23 ns/pF) Cy | 
<a 15 | 10 20 ns note (0,16 ns/pF) Cy | 
5 35 70 sons note (0,55 ns/pF) Cy 
LOW to HIGH 10 {| tpry 15 30 =o ns note (0,23 ns/pF) Cy 
| 15 10 20 ~—s ns note (0,16 ns/pF) Cy 
MR —» 0, 5 90 180 ns 63 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy, 40 80 ons 29 ns + (0,23 ns/pF) Cy 
15 30 60 ~—s ns 22 ns + (0,16 ns/pF) Cy | 
Output transition 

times 5 60 120. ns 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 10 |tTHLE | 30 60 ns 9 ns + (0,42 ns/pF) Cy 
| 15 20 40 ons 6 ns + (0,28 ns/pF) Cy 

5 60 120 os 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 10 |trhy 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) C1. 

Note 


For other loads than 50 pF at the nth output, use the slope given. 
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12-stage binary counter HEF4040B 
MSI 


A.C. CHARACTERISTICS | 
Vss =0V; Tamb = 25 °C; Cy = 50 pF; input transition times < 20 ns 


Minimum clock 5 50 25 ns 


pulse width; HIGH 10 tWCPH 30 15 ns 
15 20 10 ns 
Minimum MR 5 40 20 ns 
pulse width; HIGH 10 | twywrRH| 30 15 ns 
15 20 10 ns see also waveforms 
Recovery time 5 -| 40 20 ns Fig. 4 
for MR 10 | trRyR 30 15 ns 
15 20 10 ns | 
Maximum clock 5 10 20 MHz 
pulse frequency 10 | fmax 15 30 MHz 
15 25 50 MHz 
VDD where 
: V typical formula for P (uW) f; = input freq. (MHz) 
eee ns Serene nein ate er aan f. = output freq. (MHz) 
Dynamic power 5 400 fj + Z(foC) x Vpp’ C= load cap. (pF) 
dissipation per 10 | 2000 fj + Z(fGCL) x Vpp? X(foC,_) =sum of outputs 
package (P) 15 | 5200 fj + X(fgC_) x Vpp’ Vpp = supply voltage (V) 
MR INPUT 50% 
-tWMRH-> 
te = tRMR 
CP INPUT | + 50% 


Og or O, 
OUTPUT 


7275389 


Fig. 4 Waveforms showing propagation delays for MR to O, and CP to Og, minimum MR and cP 
pulse widths. 


May 1983 


HEF 4041B 
buffers 


QUADRUPLE TRUE/COMPLEMENT BUFFER — 


The HEF 4041 B is a quadruple true/complement buffer which provides both an inverted active LOW 
output (O) and a non-inverted active HIGH output (O) for each input (1). 
The buffers exhibit high current output capability suitable for driving TTL or high capacitive loads. 


71Z273684,) 
Fig. 2 Pinning diagram. 


HEF4041BP : 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4041BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
HEF4041BT : 14-lead mini-pack; plastic 

(SO-14: SOT-108A). 


\ +> aan 


07 
7Z73685.2 


Fig. 3 Logic diagram (one buffer). 


7275422.1 
Fig. 1 Functional diagram. 


APPLICATION INFORMATION 
Some examples of applications for the HEF4041B are: 
® LOCMOS to DTL/TTL converter 


® High current sink and source driver 


FAMILY DATA | 


a see Family Specifications 
IDp LIMITS category BUFFERS 
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HEF4041B 
, buffers 


D.C. CHARACTERISTICS 
Vss=0V; V1 = Vgs or Vpp 


Output (source) current 
HIGH 


HIGH 


Output (sink) current 
LOW | 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 


mes 


+85 
min. max. 


Output transition 
times 
On —> On 
HIGH to LOW 


YDD typical formula for P (uW) 
- Dynamic power 5 3100 fj + Z(foCL) x Vpp’ 
dissipation per 10 12 700 f; + Z(foCy) x Vpp? 
package (P) 15 33 800 f; + D(foCL) x Vpp?- 


October 1980 


max 
Propagation delays 
ly —» On 2 30 65 ns 
HIGH to LOW tPpHL | 20 40 ns 
| 15 30 ns 
30 55 ons 
LOW to HIGH tpLH | 15 30 ns 
10 20 ns 
In —> On 35 75 ons 
HIGH to LOW tPpHL 20 40 ons 
15 30 ns 
35 75 ons 
LOW to HIGH tpLH 20 40 ns 


typical extrapolation 
formula 


17 ns + (0,27 ns/pF) Cy. 
14 ns + (0,11 ns/pF) Cy 
12 ns + (0,08 ns/pF) Cy 


17 ns + (0,27 ns/pF) Cy. 
9 ns + (0,11 ns/pF) Cy. 
7 ns + (0,08 ns/pF) Cy 


22 ns + (0,27 ns/pF) Cy 
14 ns + (0,11 ns/pF) Cy 
12 ns + (0,08 ns/pF) C1. 


22 ns + (0,27 ns/pF) Cy. 
14 ns + (0,11 ns/pF) Cy. 
12 ns + (0,08 ns/pF) Cy 


5 ns + (0,40 ns/pF) Cy. 
2 ns + (0,21 ns/pF) Cy 
1 ns + (0,14 ns/pF) Cy 
5 ns + (0,40 ns/pF) Cy. 
2ns + (0,21 ns/pF) Cy 

1 ns + (0,14 ns/pF) Cy. 


where 

f, = input freq. (MHz). 

fy = output freq. (MHz) 
C,_ = load capacitance (pF) 
X(foC,_) = sum of outputs 
Vpp = supply voltage (V) 


HEF 4042B 
MsI 


—— 
QUADRUPLE D-LATCH  — 


The HEF4042B is a 4-bit latch with four data inputs (Dg to D3), four buffered latch outputs (Og to 
03), four buffered complementary latch outputs (Og to 03) and two common enable inputs (Eg and 
E41). Information on Dg to D3 is transferred to Og to 03 while both Eg and E] are in the same state, 
either HIGH or LOW. Og to 03 follow Dg to D3 as long as both Eg and Eq remain in the same state. 
When Eg and E} are different, Dg to D3 do not affect Og to 03 and the information in the latch is 
stored. | | 

Oo to 03 are always the complement of Og to O3. The exclusive-OR input structure allows the choice 
of either polarity for Eg and E4. With one enable input HIGH, the other enable input is active HIGH; 
with one enable input LOW, the other enable input is active LOW. 


7269500 


Fig. 2 Pinning diagram. 


HEF4042BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4042BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4042BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


PINNING 

Do to D3 ~~ data inputs 

Eg and Ey enable inputs 

Og to O3 -©sparaliilel latch outputs 

Oo to 03 complementary parallel latch outputs 


APPLICATION INFORMATION 


Some examples of applications for the 
HEF4042B are: 

@ Buffer storage 

@ Holding register 


Fig. 1 Functional diagram. 


7Z69550.3 
FAMILY DATA 
see Family Specifications 
Ipp LIMITS category MSI 
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HEF 4042B 
MsI 


FUNCTION TABLE 


n 


latched 
latched 
Dy 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage). 


7269746.2 


Fig. 3 Logic diagram. 


7282343 


Fig. 4 Logic diagram (one latch). 
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HEF4042B 
Msi 


Quadruple D-latch 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


symbol min. typ. max. 


Propagation delays 


D —* 0,0 5 95 190 ns} 67ns+ (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpy 40 80 ns} 28ns+ (0,23 ns/pF) Cy 
15 30 55 ns} 22ns+ (0,16 ns/pF) Cy 
5 85 175 ~—sns 57 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpey 40 75 ns} 28ns+ (0,23 ns/pF) Cy 
15 30 60 sins 22 ns + (0,16 ns/pF) Cy 
E—- 0,0 5 130 260 ns! 102 ns+ (0,55 ns/pF) Cy). 
HIGH to LOW 10 | tpyL 50 105 ns} 38ns+ (0,23 ns/pF) Cy 
15 35 75 ns} 27 ns+ (0,16 ns/pF) Cy 
5 120 245 ns} 92ns+ (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpry 50 105 ns} 38ns+ (0,23 ns/pF) Cy 
15 35 75 ons 27 ns + (0,16 ns/pF) Cy, 
Output transition 
times 5 60 120 ns} 10ns+(1,0 ns/pF) Ci 
HIGH to LOW | 10 | try, 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 os 6 ns + (0,28 ns/pF) Cy 
5 60 120 os 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 10 |tTLH 30 60 sons 9ns + (0,42 ns/pF) Cy 
1S 20 40 ns 6 ns + (0,28 ns/pF) Cy 
Set-up time 5 30 10 ns 
D—eE 10 | te, 20 5 ns 
15 20 5 ns 
Hold time 15-9 NS | | see also waveforms 
D—eeE 10 | thold 15 0 MS | + Figs 5 and 6 
16 15 0 ns 
Minimum enable 5 90 45 ns 
pulse width 10 | twe 40 20 ns 
15 30 15 ns 


typical formula for P (W) tale freq. (MHz) 
| Tae . s 


SS ae ee el he OULDUL Tred. (Miz) 
Dynamic power 3800 fj + Z(fgC_) x Vpp’ C, = load capacitance (pF) 
dissipation per 15 700 fj + D(f—oCL) x Vpp? X(fgC,) =sum of outputs 

package (P) 41100 f+ LlfgC_) x Vpp? Vip = supply voltage (V) 
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HEF 4042B 
MSI 


D INPUT 


E, or E, INPUT 


OUTPUT 


7Z69745.1 


D INPUT 


OUTPUT 50 °%/o 50 %7/o 


726974411 


Fig. 5 Waveforms showing propagation delays for D to O, with latch enabled. 


Note 
Either Eg or Eq is held HIGH or LOW while the other enable input is pulsed as the function table shows. 
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Quadruple D-latch | | | HEF 4042B 
MSI 


Ey or E, INPUT 


D INPUT Uy Wy y 50% 50% 
J 


7269743 


Fig. 6 Waveforms showing minimum enable pulse width, set-up time and hold time for E and D. 
Set-up and hold-times are shown as positive values but may be specified as negative values. 
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HEF 4043B 
MsI 


| -~ 
QUADRUPLE R/S LATCH WITH 3-STATE OUTPUTS i 


The HEF4043B is a quadruple R/S latch with 3-state outputs with a common output enable input 
(EO). Each latch has an active HIGH set input (Sg to S3), an active HIGH reset input (Ro to R3) and 
an active HIGH 3-state output (Og to 03). | 


When EO is HIGH, the state of the latch output (O,,) can be determined from the function table below. 
When EO is LOW, the latch outputs are in the high impedance OF F-state. EO does not affect the state 
of the latch. 


The high impedance off-state feature allows common busing of the outputs. 


ad 13] 


$3 n.c. 


7273686.2 


Fig. 2 Pinning diagram. 


3-STATE HEF4043BP : 16-lead DIL; plastic (SOT-382Z). 
OUTPUTS HEF4043BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4043BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


PINNING 

EO common output enable input 
Sg to $3 set inputs (active HIGH) 

Rg to R3 reset inputs (active HIGH) 


Og to 03 3-state buffered latch outputs 


FUNCTION TABLE 


72Z73687.3 
Fig. 1 Functional diagram. 


inputs output 
On 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
FAMILY DATA see Family X = state immaterial 


| Specifications 2 = high impedance state 
[Dp LIMITS category MSI 
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278 


MS! 


7282341 


Fig. 4 Logic diagram (one latch). 


ee 7Z73759.3 


Fig. 3 Logic diagram. 
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Quadruple R/S latch with 3-state outputs HEF4043B 


MSI 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


| R, —» 0. 5 90 180 ns 63 ns + (0,55 ns/pF) Cy 


“HIGH to LOW 10 | toy 35 70ns | 24ns+(0,23ns/pF) Cy 
15 25 50 ns 17 ns + (0,16 ns/pF) Cy 
Sy —* O, 5 65 135 ns 38 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tery 25 50 ns 14 ns + (0,23 ns/pF) Cy 
1S 15 35 ns 7 ns + (0,16 ns/pG) Cy 

| Output transition 5 60 120 ns 10 ns + (1,0 ns /pF) Cy. 
times 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) Cy 
HIGH to LOW 15 20 40 ns 6 ns + (0,28 ns/pF) Cy 

5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 10 | tTLH 30 60 ns 9ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy 


3-state propagation 
delays 


Output disable times 
FO —*» 0, 5 45 90 ns 
HIGH 10 | tpyz7 20 35 ns 


LOW 10 tPpLZ 20 40 ns 


Output enable times 
EO —» 0, 5 
HIGH 10 tp7H 
5 


LOW 10 tpZL. 


Minimum Sp, 5 
pulse width; HIGH 


| see also waveforms 
| Fig. 5 


VDD where 
typical formula for P (uW) f, = input freq. (MHz) 
5 


Minimum Ry 
pulse width; HIGH 


fg = output freq. (MHz) 
Dynamic power 1100 f+ Z(foCL) x Vpp? C,_ = load capacitance (pF) 
dissipation per 10 4400 f, + X(foCL) x Vpp’ X(foC__) = sum of outputs 
package (P) 15 | 11400 f+ Z(foC_) x Vpn’ Vpp = supply voltage (V) 
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PER | RRS HOARE ILC 


HEF4043B 
MSI 


S,, INPUT 50% Rp INPUT 50% 


= twsH-~ —+twRH > 


7273758.1 


Fig. 5 Waveforms showing minimum S,, and R,, pulse widths. 


APPLICATION INFORMATION 
An example of application for the HEF4043B is: 


@ Four-bit storage with output enable 
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HEF 4044B 
MSI 


Cs 
QUADRUPLE R/S LATCH WITH 3-STATE OUTPUTS CG 


The HEF4044B is a quadruple R/S latch with 3-state outputs with a common output enable input 
(EQ). Each latch has an active LOW set input (Sg to S3), an active LOW reset input (Rog to Rg) and an 
active HIGH 3-state output (Og to O3). 


When EO is HIGH, the state of the latch output (O,,) can be determined from the function table below. 
When EO is LOW, the latch outputs are in the high impedance OFF-state. EO does not affect the state 
of the latch. 

The high impedance off-state feature allows common busing of the outputs. 


Fig. 2 Pinning diagram. 


HEF4044BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4044BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 


3-STATE HEF4044BT : 16-lead mini-pack; plastic 
OUTPUTS (SO-16; SOT-109A). 

PINNING 

EO common output enable input 


So toS3 _ set inputs (active LOW) 
Rg to R3___ reset inputs (active LOW) 
Og toO3 3-state buffered latch outputs 


FUNCTION TABLE 


inputs 


7Z73689.3 


Fig. 1 Functional diagram. 


X 
H 
L 
H 


latched 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 


FAMILY DATA X = state immaterial 
=F any Z = high impedance OF F-state 
Specifications 
IDp LIMITS category MSI 
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HEF4044B 


r> : 


7282342 


Fig. 4 Logic diagram (one latch). 


7273812.3 


Fig. 3 Logic diagram. 
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Quadruple R/S latch with 3-state outputs HEF4044B 
MSI 


A.C. CHARACTERISTICS 
Vss = 90 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


Propagation delays 
Rn - On 


63 ns + (0,55 ns/pF) Cy 


HIGH to LOW 10 | tpye 40 80 ns 29 ns + (0,23 ns/pF) Cy 
15 30 60 ns 22 ns + (0,16 ns/pF) Cy 
Sq =O, 5 90 180 ns 63 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tery 40 80 ns 29 ns + (0,23 ns/pF) Cy 
15 30 60 = os 22 ns + (0,16 ns/pF) Cy 
Output transition 5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
times 10 | tpTHL 30 60 = os 9 ns + (0,42 ns/pF) Cy 
HIGH to LOW 15 20 40° ns 6 ns + (0,28 ns/pF) Cy 
5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 10 | tTLH 30 60° ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ~~ ns 6 ns + (0,28 ns/pF) Cy 
3-state propagation 
delays 
Output disable times 
EO —» O, 5 50 100 = os 
HIGH 10 | tpyz 30 60 +s 
15 25 50 ~~ ons 
5 30 60 = ons 
LOW 10 | tpr7 25 45 ns 
15 20 40° os 
Output enable times 
EO —* On, eo 50 100 ns 
HIGH 10 | tpzy 25 50° os 
15 20 40 ~~ ns 
5 50 95 ns 
LOW 10 tp7L 25 45 ns 
15 20 35 = ns 
Minimum S, 5 30 8 =15 ns 
pulse width; LOW | 10 | twsi 20 10 ns 
15 16 8 ns see also waveforms 
Minimum R, 5 30. 15 ns Fig. 
pulse width; LOW | 10 | twrar 20 10 ns 


15 16 8 ns 


where 
f; = input freq. (MHz) 

fo = output freq. (MHz) 
C,_ = load capacitance (pF) 
X(foCL) = sum of outputs 
Vpp = supply voltage (V) 


typical formula for P (uW) 


1300 f; + Z(foCy ) x VoD’ 
5200 f| + 2(foCy) x VoD’ 
12 900 fj + Z(fgC,) x VoD? 


Dynamic power 
dissipation per 
package (P) 
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HEF4044B 


MSI 


S, INPUT R,, INPUT 
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Fig. 5 Waveforms showing minimum S, and Ry pulse widths. 


APPLICATION INFORMATION 
An example of application for the HEF 40448 is: 


@ Four-bit storage with output enabie 
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PHASE-LOCKED LOOP = 


The HEF4046B is a phase-locked loop circuit that consists of a linear voltage controlled oscillator 
(VCQ) and two different ohase comparstors with a common signa! input amplifier and a common 


sae Garlipy 
comparator input. A 7 V agulator (zener) diode is provided for supply voltage regulation if necessary. 
For functional description see further on in this data. 


7 EATS GT AON OS NLR EAE OUR eV ORAL MBS ADO AP PRICY 


PHASE 
COMPARATOR 1 


14 PS, 
S H G N | N cinco benassi a ’ 


| R3 


ee SLAIN TOME MIN REAR AS 


LOW-PASS 
FILTER 


‘ 


Seren tum nro esti saan ce ANGORA Mana we arn eoanNtet 
‘+ 
P i 
: 1 rasmusiuinmsenanman sn 
| | _ 
: 
| | 
as in 


SOURCE 


VCO FOLLOWER 


(pin 8) fencer EER ee 


EN bint ROE AR BNR SE AAEE EI OAR AD TETRIS TAL IIANC 6. BES EARS BLN LENE EIR CH LEITRIM STANTS NATE PST NAT LIED 


7273691.3 


Fig. 1 Functional diagram. 
HEF4046BP : 16-lead DIL: plastic (SOT-382Z). 


HEF4046BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4046B8T : 16-lead mini-pack; plastic (SO-16; SOT-109A). 


rAMILY DATA: see Family Specifications 


lop LIMITS category MSI: see further on in this data. 
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PINNING 


Phase comparator pulse output 
Phase comparator 1 output 
Comparator input 

VCO output 

Inhibit input 

Capacitor C1 connection A 
Capacitor C1 connection B 
VSS 

VCO input 

10. Source-follower output 

11. Resistor R1 connection 

12. Resistor R2 connection 

13. Phase comparator 2 output 

14. Signal input 

15. Zener diode input for regulated supply. 


oo? Se eh 


HEF4046B 
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Fig. 2 Pinning diagram. 


FUNCTIONAL DESCRIPTION 
VCO part 


The VCO requires one external capacitor (C1) and one or two external resistors (R1 or R1 and R2). 
Resistor R1 and capacitor C1 determine the frequency range of the VCO. Resistor R2 enables the 

VCO to have a frequency off-set if required. The high input impedance of the VCO simplifies the 
design of low-pass filters; it permits the designer a wide choice of resistor/capacitor ranges. In order 
not to load the low-pass filter, a source-follower output of the VCO input voltage is provided at pin 10. 
If this pin (SFQyT) is used, a load resistor (Rgf) should be connected from this pin to Vso; if unused, 
this pin should be left open. The VCO output (pin 4) can either be connected directly to the compara- 
tor input (pin 3) or via a frequency divider. A LOW level at the inhibit input (pin 5) enables the VCO 
and the source follower, while a HIGH level turns off both to minimize stand-by power consumption. 


Phase comparators 


The phase-comparator signal input (pin 14) can be direct-coupled, provided the signal swing is between 
the standard HE4000B family input logic levels. The signal must be capacitively coupled to the self- 
biasing amplifier at the signal input in case of smailer swings. Phase comparator 1 is an EXCLUSIVE-OR 
network. The signal and comparator input frequencies must have a 50% duty factor to obtain the 
maximum lock range. The average output voltage of the phase comparator is equal to “2 Vpp when 
there is no signal or noise at the signal input. The average voltage to the VCO input is supplied by the 
low-pass filter connected to the output of phase comparator 1. This also causes the VCO to oscillate 

at the centre frequency (f)). The frequency capture range (2 f,) is defined as the frequency range of 
input signals on which the PLL will lock if it was inititally out of lock. The frequency lock range (2 f, ) 
is defined as the frequency range of input signals on which the loop will stay locked if it was initially 

in lock. The capture range is smaller or equal to the lock range. 


With phase comparator 1, the range of frequencies over which the PLL can acquire lock (capture 
range) depends on the low-pass filter characteristics and this range can be made as large as the lock 
range. Phase comparator 1 enables the PLL system to remain in lock in spite of high amounts of noise 
in the input signal. A typical behaviour of this type of phase comparator is that it may lock onto input 
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frequencies that are close to harmonics of the VCO centre frequency. Another typical behaviour is, 
that the phase angle between the signal and comparator input varies between 0° and 180° and is 90° 
at the centre frequency. Figure 3 shows the typical phase-to-output response characteristic. 


(1) Average output voltage. 


Fig. 3 Signal-to-comparator inputs 
phase difference for comparator 1. 


7284458 


Figure 4 shows the typical waveforms for a PLL employing phase comparator 1 in locked condition 


of fo. 
SIGNig | | | | 
COMP), 
vOCOUT 
Cl oye | | | | | | | | 


ta TV GG 
7274624.1 


VDD 


Fig. 4 Typical waveforms for phase-locked loop employing phase comparator 1 in locked condition 
of fp. 
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FUNCTIONAL DESCRIPTION (continued) 


Phase comparator 2 is an edge-controlled digital memory network. It consists of four flip-flops, control 
gating and a 3-state output circuit comprising p and n-type drivers having a common output node. When 
the p-type or n-type drivers are ON, they pull the output up to Vpp or down to Vssg respectively. This 
type of phase comparator only acts on the positive-going edges of the signals at SIGN jy and COMP), . 
Therefore, the duty factors of these signals are not of importance. 


If the signal input frequency is higher than the comparator input frequency, the p-type output driver 
is maintained ON most of the time, and both the n and p-type drivers are OFF (3-state) the remainder 
of the time. If the signal input frequency is lower than the comparator input frequency, the n-type 
output driver is maintained ON most of the time, and both the n and p-type drivers are OFF the re- 
mainder of the time. If the signal input and comparator input frequencies are equal, but the signal 
input lags the comparator input in phase, the n-type output driver is maintained ON for a time corre- 
sponding to the phase difference. If the comparator input lags the signal input in phase, the p-type 
output driver is maintained ON for a time corresponding to the phase difference. Subsequently, the 
voltage at the capacitor of the low-pass filter connected to this phase comparator is adjusted until the 
signal and comparator inputs are equal in both phase and frequency. At this stable point, both p and 
n-type drivers remain OFF and thus the phase comparator output becomes an open circuit and keeps 
the voltage at the capacitor of the low-pass filter constant. 


Moreover, the signal at the phase comparator pulse output (PCPQUT) is a HIGH level which can be 
used for indicating a locked condition. Thus, for phase comparator 2 no phase difference exists be- 
tween the signal and comparator inputs over the full VCO frequency range. Moreover, the power dissi- 
pation due to the low-pass filter is reduced when this type of phase comparator is used because both 

p and n-type output drivers are OFF for most of the signal input cycle. It should be noted that the 
PLL lock range for this type of phase comparator is equal to the capture range, independent of the 
low-pass filter. With no signal present at the signal input, the VCO is adjusted to its lowest frequency 
for phase comparator 2. Figure 5 shows typical waveforms for a PLL employing this type of phase 
comparator in locked condition. 


seep eae ey 
POZ OUT tc oe ian teh erese eee ache ace a 
ee , 


VCOij 


a a 
PCPouT | | | | 
7Z274625.1 


Fig. 5 Typical waveforms for phase-locked loop employing phase comparator 2 in locked condition. 
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Figure 6 shows the state diagram for phase comparator 2. Each circle represents a state of the compar- 
ator. The number at the top, inside each circle, represents the state of the comparator, while the logic 
state of the signal and comparator inputs are represented by a’0’ for a logic LOW or a'1’ for a logic 
HIGH, and they are shown in the left and right bottom of each circle. 


The transitions from one to another result from either a logic change at the signal input (S) or the 
comparator input (C). A positive-going and a negative-going transition are shown by an arrow pointing 
up or down respectively. 


The state diagram assumes, that only one transition on either the signal input or comparator input 
occurs at any instant. States 3, 5,9 and 11 represent the condition at the output when the p-type 
driver is ON, while states 2, 4, 10 and 12 determine the condition when the n-type driver is ON. States 
1,6, 7 and 8 represent the condition when the output is in its high impedance OFF state; i.e. both p 
and n-type drivers are OFF, and the PCPQyT output is HIGH. The condition at output PCPQyT for 
all other states is LOW. 


n— type driver ON p — type driver ON 


state number of 


the comparator 
n and p-type 
drivers are OFF 


logic state of 


comparator input (pin 3) 
logic state of 


signal input (pin 14) 7284459 


S +: 0 to 1 transiticn at the signal input. 
C |: 1 to O transition at the comparator input. 


Fig. 6 State diagram for comparator 2. 
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D.C. CHARACTERISTICS 
Voss =OV 


Tamb (°C) 
+25 
typ. 


Supply current 
(note 1) 


Quiescent device 
current (note 2) 


Notes 


1. Pin 15 open; pin 5 at Vpp; pins 3 and 9 at Vs; pin 14 open. 
2. Pin 15 open; pin 5 at Vpp; pins 3 and 9 at Vcs; pin 14 at Vpp; input current pin 14 not included. 


A.C. CHARACTERISTICS 
Vss =O V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


“DD symbol | min. typ. max. 


Phase comparators 
Operating supply 


voltage VppD 3 To <V 
Input resistance 750 kQ2 : 
at SIGN ny RIN 220 Ko | | [ oo er 
140 car |) cea P 
A.C. coupled input 150 mV peak-to-peak values; 
sensitivity VIN 150 mV R1=10kQ2; R2= ©; 
at SIGN), 200 mV | | C1= 100 pF; independent 
of the lock range 
D.C. coupled input 
sensitivity at | , 
SIGN yy; COMP i 15 V 
LOW level VIL 3,0 V 
4,0 V full temperature range 
3,5 V 
HIGH level ViH 7,0 V 
11,0 V 
Input current 7 LA | 
at SIGN), + lin 30 MA | |} SIGN, at Vpp 
70 pA 
3 LA 
—lin 18 pA | SIGN yy at Vss 
45 BA 
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A.C. CHARACTERISTICS Vss = 0 V; Tamph = 25 °C; Cy = 50 pF; input transition times < 20 ns 


_ 


VCO 
Operating supply as fixed oscillator only 
voltaye phase-locked loop operation 
Power dissipation 5 150 pW | fo = 10 kHz; R1 = 1 MQ; 
10 P 2500 pW R2= ©; VCO at 2 Vpp: 
15 9000 pW see also Figs 10 and 11 
Maximum operating 5 0,5 1,0 MHz VCO|,V at Vpp;: 
frequency 1,0 2,0 MHz | R1=10kQ; R2= o: 
1,3 2,7 MHz C1 = 50 pF 
Temperature/ 0,22—0,30 %/OC | no frequency offset 
frequency 0,04—0,05 %/OC (fmin = 0); 
stability 0,01—0,05 %/OC see also note 1 
O0—0,22 %/°C | with frequency offset 
0—0,04 %/OC (frnin > 0); 
O—0,01 %/OC see also note 1 
Linearity 0,50 % R1>10kQ2 | see Fig. 13 
0,25 % R1>400 kQ2 , and Figs 14 
0,25 % R1=1MQ h45 and 16 
Duty factor at 50 % 
VCOQuT 50 % 
50 % 
Input resistance at 10° MQ 
VCOin 10° MQ2 
10° MQ 
Source follower 
Offset voltage 1,7 V | Rop = 10 kQQ; 
VCO nN minus 2,0 V | VCO|y at 2 Vpp 
SFOUT 2,1 V 
1,5 V Rsp = 50 kQ2; 
1,7 V | VCOiN at Vpp 
1,8 V 
Linearity 0,3 % | Rop > 50 kQ2; 
1,0 % see Fig. 13 
13 % | 
Zener diode 
Zener voltage 7,3 V I7 = 50 pA 
Dynamic resistance 25 {2 Iz=1mA 


Notes 
1. Over the recommended component range. 
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DESIGN INFORMATION 


using phase comparator 1 using phase comparator 2 


characteristic 


seem sianmere Nitta 7 eRIntem et test pretar semanas nina meen ah arene) 


VCO in PLL system adjusts VCO in PLL system adjusts 
to centre frequency (f,) to min. frequency (fmin) 


No signal on SIGN jy 


Phase angle between 
SIGN yy and COMP jy 


90° at centre frequency (f)), always 0° in lock 
approaching 0° and 180° at (positive-going edges) 
ends of lock range (2 f,_) 


Locks on harmonics of 


centre frequency yes no 
_ Signal input noise 
rejection high low 


the frequency range of the input signal on which the loop will 
stay locked if it was initially in lock; 2 f, = full VCO frequency 
range = tmax — fmin 

the frequency range of the input signal on which the loop will 
lock if it was initially out of lock 


Lock frequency 
range (2 f, ) 


Capture frequency 
range (2 fc) 


depends on low-pass fc =f. 
filter characteristics; fo < f, 


the frequency of the VCO when VCO;jy at 2Vpp 


\naveeme mst ant stan etna murenanersenerind ney enttnetares nanan meme A eer enn rete enemies enya aiteaeetrnine hm ements ud Remeron ene tte nnanemanees nmenmanarmt me tenn tnunn tetera eft lien 


Centre frequency (f,) 


rm mp 


VCO component selection 


Recommended range for R1 and R2: 10 kQ to 1 MQ; for C1: 50 pF to any practical value. 


1. VCO without frequency offset (R2 = °%). 
a. Given fy: use fy with Fig. 7 to determine R17 and C1. 
b. Given fax: calculate fy from fo = % fma x: use fg with Fig. 7 to determine R1 and C1. 
2. VCO with frequency offset. 
a. Given fg and f,: calculate fpajy from the equation frmin = fo — fi use fin with Fig. 8 to deter- 
mine R2 and C1; calculate 


'max from the equation 'max = fo * Th, use Imax with Fig. 9 to determine the ratio R2/R1 to 

min fmin to ft min 
obtain R17. oe ae 
b. Given frmin and frax: use frmjn with Fig. 8 to determine R2 and C1; calculate ———; use ——-- 
min min 


with Fig. 9 to determine R2/R1 to obtain R?1. 
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25 °C; VCOjyn at 4 Vpp; 


Fig. 7 Typical centre frequency as a function of capacitor C1; Tamb 
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25 °C; VCOyj at Vss; 


Fig. 8 Typical frequency offset as a function of capacitor C1; Tampb 


INH at Vgc; R1 = o, 
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Fig. 9 Typical ratio of R2/R1 as a function of the ratio fvane ivan 
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For VCO linearity: 


Fig. 12 Power dissipation of source follower 
as a function of Rgf; VCO\y at 2 Vpp; 


R1.= 0; R2= oo, 
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source follower linearity: 
substitute VsF OUT for f. 


5V 


0,3 V at Vpp = 


AV 


2,5 V at Vpp=10V 


AV 


5VatVpp=159V 


AV 
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Fig. 13 Definition of linearity (see a.c. characteristics). 
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MONOSTABLE/ASTABLE MULTIVIBRATOR Ge 


The HEF4047B consists of a gatable astable multivibrator with logic techniques incorporated to permit 
positive or negative edge-triggered monostable multivibrator action with retriggering and external count- 
Ing options. 

Inputs include + TRIGGER, — TRIGGER, ASTABLE, ASTABLE, RETRIGGER and MR (Master Reset). 
Buffered outputs are O, O and OSCILLATOR OUTPUT. In all modes of operation an external capacitor 
(C4) must be connected between Cyc and RCT¢, and an external resistor (R;) must be connected 
between Rtc and RCr¢ (continued on next page). 
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Fig. 1 Functional diagram. 
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see Family Specifications 
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Astable operation is enabled by a HIGH level on the ASTABLE input. The period of the square wave 
at O and O outputs is a function of the external components employed. ‘True’ input pulses on the 
ASTABLE or ‘complement’ pulses on the ASTABLE input, allow the circuit to be used as a gatable 
multivibrator. The OSCILLATOR OUTPUT period will be half of the O output in the astable mode. 


However, a 50% duty factor is not guaranteed at this output. 


In the monostable mode, positive edge-triggering is accomplished by applying a leading-edge pulse to 
the + TRIGGER input and a LOW level to the — TRIGGER input. For negative edge-triggering, a 
trailing-edge pulse is applied to the — TRIGGER and a HIGH level to the + TRIGGER. Input pulses 
may be of any duration relative to the output pulse. The multivibrator can be retriggered (on the 
leading-edge only) by applying a common pulse to both the RETRIGGER and + TRIGGER inputs. 

In this mode the output pulse remains HIGH as long as the input pulse period is shorter than the period 
determined by the RC components. 


An external count down option can be implemented by coupling O to an external ‘N’ counter and 

resetting the counter with the trigger pulse. The counter output pulse is fed back to the ASTABLE 
input and has a duration equal to N times the period of the multivibrator. A HIGH level on the 

MR input assures no output pulse during an ON-power condition. This input can also be activated to 

terminate the output pulse at any time. In the monostable mode, a HIGH level or power-ON reset 

pulse must be applied to MR, whenever Vpp is applied. 


Ct¢c 14] Yop 
baie er 
RCto [3 RETRIGGER 
ASTABLE [4] HEF40478 O 
ASTABLE 10| oO 
— TRIGGER 9 | MR 
Vsg [7 | 8 | + TRIGGER 
7274557.1 


Fig. 2 Pinning diagram. 


“EF4047BP : 14-lead DIL; plastic (SOT-27K, M, T). 
“|EF4047BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
HEF4047BT : 14-lead mini-pack; plastic (SO-14; SOT-108A). 
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FUNCTIONAL CONNECTIONS 


ae 


| function Pet 
VDD 
astable multivibrator 
free running 4,5, 6, 14 
true gating 4,6, 14 
complement gating 6, 14 
monostable multivibrator 
pos. edge-triggering 4,14 
neg. edge-triggering 4,8, 14 
retriggerable 4,14 
14 


external count down* 


pins connected to 


output 


output 


— pulse period 
. from or 
Vss_ pins pulse width 
7,8,9, 12 10, 11, 13 | at pins 10, 11: 
7,8,9, 12 5 | 10,11,13 | ta=4,40 RyCy 
at pin 13: 
5, 7,8,9, 12 4 10, 11, 13 


ta = 2,20 RyCy 


5,6, 7,9, 12 


5,7,9, 12 
5 6,.7,9 
5 6,7,8,9, 12 


at pins 10, 11: 
ty = 2,48 R+Cy 


* Input pulse to RESET of external counting chip; external counting chip output to pin 4. 


Note 


In all cases, external resistor between pins 2 and 3, external capacitor between pins 1 and 3. 


D.C. CHARACTERISTICS 
Vss = 0 V; inputs at Vss or Vpp 


Leakage current 
pin 3; output 
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A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 
VDD , typical extrapolation 
V symbol | min. typ. max. ee 
Propagation delays 
ASTABLE, ASTABLE 
—» OSC. OUTPUT 5 95 190 68 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 tPHL 45 90 43 ns + (0,23 ns/pF) Cy 
15 30 60 22 ns + (0,16 ns/pF) Cy 
5 85 170 58 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 tpLyH 40 80 29 ns + (0,23 ns/pF) Cy 
15 30 60 22 ns + (0,16 ns/pF) Cy 
ASTABLE, ASTABLE | 
—»- 0,0 5 150 300 123 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 tPpHL 65 130 54 ns + (0,23 ns/pF) Cy 
15 50 100 42 ns + (0,16 ns/pF) Cy 
5 130 260 103 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tery 60 120 49 ns + (0,23 ns/pF) Cy 
15 45 90 37 ns + (0,16 ns/pF) Cy 
+/— TRIGGER 
—» 0,0 5 160 320 133 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy 65 130 54 ns + (0,23 ns/pF) Cy 
15 50 100 42 ns + (0,16 ns/pF) Cy 
5 155 310 128 ns + (0,55 ns/pF) Cy. 
LOW to HIGH 10 tPpLH 65 130 54 ns + (0,23 ns/pF) Cy 
15 50 100 42 ns + (0,16 ns/pF) Cy 
+ TRIGGER, _ 
RETRIGGER —* O 5 65 130 38 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 tPHL 30 60 19 ns + (0,23 ns/pF) Cy 
15 25 50 17 ns + (0,16 ns/pF) Cy 
+ TRIGGER, 
RETRIGGER —® O 5 95 190 68 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 tpLH 40 80 29 ns + (0,23 ns/pF) Cy 
15 30 60 22 ns + (0,16 ns/pF) Cy 
MR—*O 5 100 200 83 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 tpHL 45 90 34 ns + (0,23 ns/pF) Cy 
15 35 70 27 ns + (0,16 ns/pF) Cy 
MR—» O 100 200 83 ns + (0,55 ns/pF) Cy. 
LOW to HIGH tPLH 45 90 34 ns + (0,23 ns/pF) Cy 
| 35 70 27 ns + (0,16 ns/pF) Cy 


October 1980 303 


HEF4047B 
MSI 


A.C. CHARACTERISTICS (continued) 
Vos = OV; Tamb = 25 0C; Cy = 50 pF; input transition times < 20 ns 


VDD typical extrapolation 
“ i ca — 


Output transition 


times 5 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 10 9 ns + (0,42 ns/pF) Cy. 
15 6 ns + (0,28 ns/pF) Cy 
5 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 10 9 ns + (0,42 ns/pF) Cy 
15 6 ns + (0,28 ns/pF) Cy 
| Minimum MR pulse 5 
~- width; HIGH 10 
a 15 
Minimum input | 
pulse width; any | 5 
input exept MR 10 
est, 15: 


APPLICATION INFORMATION 
General features: 


® Monostable (one-shot) or astable (free-running) operation 
@ True and complemented buffered outputs. 
@ Only one external R and C required 


Monostable multivibrator features: 


Positive- or negative-edge triggering. 

- Output pulse width independent of trigger pulse duration 

Retriggerable option for pulse-width expansion. , 

Long pulse width possible using small RC components by means of external counter provision 
Fast recovery time essentially independent of pulse width : 

Pulse-width accuracy maintained at duty cycles approaching 100% 


Astable multivibrator features: 


@ Free-running or gatable operating modes 
@ 50% duty cycle 
® Oscillator output available ~ 
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Monostable/astable multivibrator 


1. Astable mode design information 
a. Unit-to-unit transfer-voltage variations 


The following analysis presents worst-case variations from unit-to-unit as a function of transfer- 
voltage (V7R) shift for free running (astable) operation. 


OSCILLATOR 
OUTPUT (pin 13) 


- ty splits +/+ ty sls tae 


O OUTPUT 
(pin 10) 
<—_——— s pete 5 ta 
lS a ee ta ae eee eR ne 
7Z84343 
Fig. 4 Astable mode waveforms. 
VTR 
ty = —R,Cy In ———-_—_ 
VpoptVTR 
V —V 
guano Ole 
2VppD — VTR 


(VTRMVpp — VTR) 
ta = 2 (ty + tg) = —2R,4C, In ee ee , Where ta = Astable mode pulse width. 
(Vpop + VTRV2Vpp — VTR) 


Values for ta are: 


typ. : V7R = 0,5 Vpp; ta = 4,40 RC, 
min. : VTR = 0,3 Vpp; ta = 4,71 RyCy 
max.: VTR = 0,7 Vpp; ta = 4,71 RyCy 
min.: V7p =4V; ta = 4,84 RyCy 
max.: V~TR = 11 V; ta = 4,84 RyC; 


Vpp = 5 or 10 V | 


Vpp = 19 V 


thus if ta = 4,40 R,yC; is used, the maximum variation will be (+ 7,0%; —0,0%) at 10 V. 
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APPLICATION INFORMATION (continued) 
b. Variations due to changes in Vpp 
In addition to variations from unit-to-unit, the astable period may vary as a function of frequency with 


respect to Vpp. 
Typical variations are presented graphically in Figs 5 and 6 with 10 V as a reference. 
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Fig. 5 Typical O and O period accuracy as a function of supply voltage; astable mode; Tamp = 25 OC. 
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Fig. 6 Typical O and O period accuracy as a function of supply voltage; astable mode; Tamb = 25 2C. 
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APPLICATION INFORMATION (continued) 
2. Monostable mode design information 


The following analysis presents worst case variations from unit-to-unit as a function of transfer- 
voltage (VR) shift for one-shot (monostalbe) operation. 


+ TRIGGER 
(pin 8) 
OSCILLATOR 
OUTPUT (pin 13) | | | = 
Bay ees tg a fess ie ast 
Peete st Nas ta De ee 
(pin 10} 
7284342 


Fig. 7 Monostabie waveforms. 

VTR 

1 oa —R,C; int ee 
2VDpD 


(VrpHV VTR) 
ty = —RyC, In eel Anade, oeean , where thy = Monostable mode pulse width. 
| (2Vpp —- VrRi2Vpp) | 


Values for thy are: 


typ. : VR = 0,5 Vpp; ty = 2,48 RC 
( min. : VT R = 0,3 Vpp; ty = 2,78 RyCy 
{max.: VTR = 0,7 Vop: tw = 2,52 RyCy 
jmin.: VT RF4V; ty = 2,88 R,C, 
|max.: V~TR =11V; ty = 2,56 R,Cy 


Vpop = 8 to 10 V 
Vpop = 15 V 


thus if tyy = 2,48 RyC; is used, the maximum variation will be (+ 12%; —0,0%) at 10 V. 


Note 
In the astable mode, the first positive half cycle has a duration of thy; succeeding durations are % t,. 
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3. Retrigger mode operation 


The HEF4047B can be used in the retrigger mode to extend the output pulse duration, or to compare 
the frequency of an input signal with that of the internal oscillator. In the retrigger mode the input 
pulse is applied to pins 8 and 12, and the output is taken from pin 10 or 11. Normal monostable 
action is obtained when one retrigger pulse is applied (Fig. 8). 

Extended pulse duration is obtained when more than one pulse is applied. For two input pulses, 

tReE =ty + ty + 2to. 

For more than two pulses, tre (output O), terminates at some variable time, tp, after the termination 
of the last retrigger pulse; tp is variable because tre (output O) terminates after the second positive 
edge of the oscillator output appears at flip-flop 4. 


+ TRIGGER; 
RETRIGGER | | | YT | 
(pins 8, 12) os 


OSCI LLATOR TLILEL = 
OUTPUT (pin 13) | | | | | 
¢ | ‘ | _ “ —— ty 
cee oe t _ ls 
> ~tg 


O OUTPUT ) | : 
(pin 10) : . 
mote! T RE L Z t RE m a t PQ ff -- ee 


7284341 
Fig. 8 Retrigger mode waveforms. 


4. External counter option 


Time tyy can be extended by any amount with the use of external counting circuitry. Advantages 
include digitally controlled pulse duration, small timing capacitors for long time periods, and 
extremely fast recovery time. A typical implernentation is shown in Fig. 9. 
The pulse duration at the output is: 

text = (N — 1)(ta) + (ty + % ta) 
Where tey4 = pulse duration of the circuitry, and N is the number of counts used. 


ASTABLE 


optional 
buffer 


& >o— output 
oe ae 


7284340 | text L~- 
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ee Sh Rage ene nec neers een ee 
puls 


rig. ¥9 Implementation of external counter option. 
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APPLICATION INFORMATION (continued) 
5. Timing component limitations 


The capacitor used in the circuit should be non-polarized and have low leakage (i.e. the parallel 
resistance of the capacitor should be an order of magnitude greater than the external resistor used). 
There is no upper or lower limit for either R; or C; value to maintain oscillation. 

However, in consideration of accuracy, Cy must be much larger than the inherent stray capacitance 

in the system (unless this capacitance can be measured and taken into account). 

R; must be much larger than the LOCMOS ‘ON’ resistance in series with it, which typically is hundreds 
of ohms. 


The recommended values for Ry and Cy to maintain agreement with previously calculated formulae 
without trimming should be: 
C; 2 100 pF, up to any practical value, 


10kQ<Ry<1MQ. 


6. Power consumption 


In the standby mode (monostable or astable), power dissipation will be a function of leakage current 
in the circuit. | 
For dynamic operation, the power needed to charge the external timing capacitor C; is given by the 
following formulae: 


Astable mode: P=2C; V’ f (f at output pin 13) 
P=4C,V’f (fat output pins 10 and 11) 


(2,9 Cy V*)(duty cycle) 


Monostable mode: P= a (f at output pins 10 and 11) 


Because the power dissipation does not depend on Rz, a design for minimum power dissipation would 
be a small value of Cy. The value of R would depend on the desired period (within the limitations 
discussed previously). 

Typical power consumption in astable mode is shown in Figs 10, 11 and 12. 
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Fig. 10 Power consumption as a function of the output frequency at O or O; Vpp 
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Fig. 11 Power consumption as a function of the output frequency at O or O; Vpp = 10 V; astable mode. 
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HEX INVERTING BUFFERS  — 


The HEF4049B provides six inverting buffers with high current output capability suitable for driving 
TTL or high capacitive loads. Since input voltages in excess of the buffers’ supply voltage are permitted, 
the buffers may also be used to convert logic levels of up to 15 V to standard TTL levels. Their guaran- 
teed fan-out into common bipolar logic elements is shown in the table on next page. 


HEF4049B 


IVop 0, IT, O2 Iz O03 13 Voss 


7Z69501 


Fig. 2 Pinning diagram. 


HEF4049BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4049BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4049BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


7Z69558 


Fig. 1 Functional diagram. 


PeDe Peo 
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Fig. 3 Logic diagram (one gate). 


APPLICATION INFORMATION 
some examples of applications for the HEF4049B are: 
@ LOCMOS to DTL/TTL converter 


® HIGH sink current for driving 2 TTL loads 
® HIGH-to-LOW level logic conversion 


FAMILY DATA 
| see Family Specifications 


IpDp LIMITS category BUFFERS 
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Guaranteed fan-out in common logic families Input protection 


re 
fan-out 
standard TTL Ne fase 


74LS 7Z69660.1 
74L 


Fig. 4 Input protection circuit that 
allows input voltages in excess of Vpp. 


Tamb/C) 
+25 +85 
min. max. min. max. 
Output (sink) 2,9 — 2,3 —- mA 
current LOW 10,0 — 80 —- mA 
20,0 — 164,00 —- mA 
Output (source) 044 — 036 — mA 
current HIGH 11 #- 09 —- mA 
3,0 — 2,4 —- mA 
Output (source) 
current HIGH 14 —- 1,14 —- mA 


26 ns + (0,18 ns/pF) Cy_ 
11 ns + (0,08 ns/pF) Cy. 
9 ns + (0,05 ns/pF) Cy 


23 ns + (0,55 ns/pF) Cy 
14 ns + (0,23 ns/pF) Cy 
12 ns + (0,16 ns/pF) Cy 
3 ns + (0,35 ns/pF) Cy 
3 ns + (0,14 ns/pF) Cy 
2 ns + (0,09 ns/pF) Cy 
10 ns + (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 


where 
typical formula for P (uW) f; = input freq. (MHz) 


fg = output freq. (MHz) 
Dynamic power 2500 fj + Z(fgCy) x Vpp? C,_ = load capacitance (pF) 


Propagation delays 
In — On 


‘HIGH to LOW 


LOW to HIGH 


Output transition 
times 
HIGH to LOW 


LOW to HIGH 


dissipation per 11000 fj + Z(f—oCL) x Vpp? X(foC_) = sum of outputs 
package (P) _ 35 000 fj + Z(f—gCL) x Vpp” Vpp = supply voltage (V) 
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HEX NON-INVERTING BUFFERS Gs 


The HEF4050B provides six non-inverting buffers with high current output capability suitable for 
driving TTL or high capacitive loads. Since input voltages in excess of the buffers’ supply voltage are 
permitted, the buffers may also be used to convert logic levels of up to 15 V to standard TTL levels. 
Their guaranteed fan-out into common bipolar logic elements is shown in the table on next page. 


7Z69502 


Fig. 2 Pinning diagram. 


HEF4050BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4050BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
| HEF4Q50BT : 16-lead mini-pack; plastic 

71269559 (SO-16; SOT-109A). 


Fig. 1 Functional diagram. 


. >o>o- 01 
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Fig. 3 Logic diagram (one gate). 


APPLICATION INFORMATION 


Some examples of applications for the HEF4050B are: 
@e LOCMOS to DTL/TTL converter 

e HIGH sink current for driving 2 TTL loads 

e HIGH-to-LOW level logic conversion 


FAMILY DATA 


see Family Specifications 
Ipp LIMITS category BUFFERS | 
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Guaranteed fan-out in common logic families 


driven element 


standard TTL 
74LS 
7T4L 


D.C. CHARACTERISTICS Vcc = 0 V; Vj = Vgs or Vpp 


Vpop | Vo 


Vv V symbol! 


Output (sink) 
current LOW 


Output (source) 
current HIGH 


Output (source) 
current HIGH 


Propagation delays 
In = On 
HIGH to LOW 


LOW to HIGH 


Output transition 
times 
HIGH to LOW 


LOW to HIGH 


Dynamic power 
dissipation per 
package (P) 
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typ. 


typical formula for P (uW) 


Input protection 


input + - 


Oe ss 


7269660.1 


Fig.4 Input protection circuit that 
allows input voltages in excess of Vpp. 


max. 


70 
35 
30 


110 
55 
40 


50 
20 
14 


120 
60 


3 800 fj + 2 (foCy) x Vpp? 
11 600 fj + 2 (foC_) x Vpp? 
65 900 f; + 2 (foCL) x Vpp2 


typical extrapolation 
formula 


26 ns + (0,18 ns/pF)Cy 
16 ns + (0,08 ns/pF)C,_ 
12 ns + (0,05 ns/pF)Cy)_ 


28 ns + (0,55 ns/pF)Cy 
14 ns + (0,23 ns/pF)C,. 
12 ns + (0,16 ns/pF)C, 


7 ns + (0,35 ns/pF)Cy. 
3 ns + (0,14 ns/pF)Cy 
2 ns + (0,09 ns/pF)C, 
10 ns+ (1,0 ns/pF)Cy 
9 ns + (0,42 ns/pF)C,_ 
6 ns + (0,28 ns/pF)Cy 


where 
f} = input freq. (MHz) 

fy = output freq. (MHz) 
C, = load capacitance (pF) 
X(foC,_) = sum of outputs 
Vpp =supply voltage (V) 


HEF4 
Ms 


O51B 
| 
 -_ 
8-CHANNEL ANALOGUE MULTIPLEXER/DEMULTIPLEXER gg 


The HEF4051B is an 8-channel analogue multiplexer/demultiplexer with three address inputs (Ag to 
Az), an active LOW enable input (E), eight independent inputs/outputs (Yo to Y7) and a common 
input/output (Z). 


The device contains eight bidirectional analogue switches, each with one side connected to an indepen- 
dent input/output (YQ to Y7) and the other side connected to a common input/output (Z). 


With E LOW, one of the eight switches is selected (low impedance ON-state) by Ag to Ag. With E 
HIGH, all switches are in the high impedance OF F-state, independent of Ag to Ag. 


Vpp and Vsg are the supply voltage connections for the digital control inputs (Ag to Az, and E). 
The Vpp to Vss range is 3 to 15 V. The analogue inputs/outputs (Yo to Y7, and Z) can swing between 
VDD as a positive limit and Veg as a negative limit. Vpp—VEE may not exceed 15 V. 


For operation as a digital multiplexer/demultiplexer, Veg is connected to Vss (typically ground). 


Fig. 1 Functional diagram. 


FAMILY DATA 


Ipp LIMITS category MSI 


see Family Specifications 
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HEF 40518 


PINNING 
Yoto Y7 independent inputs/outputs 
Ag to Az address inputs 


E enable input (active LOW) 
Z common input/output 
7269503 
Fig. 2 Pinning diagram. 

HEF4051BP : 16-lead DIL; plastic (SOT-38Z). 

HEF4051BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 

HEF4051BT : 16-lead mini-pack; plastic (SO-16; SOT-109A). 

Yn 


Fig. 3 Schematic diagram 
(one switch). 


7282374.1 


FUNCTION TABLE 


channel 
ON 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 


<r re I SB 


MSS. eo ee a et 
ST re Se eee 


meerereer | im 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (with reference to Vpp) Vee —18to+0,5 V 
NOTE 


To avoid drawing Vpp current out of terminal Z, when switch current flows into terminals Y, the 
voltage drop across the bidirectional switch must not exceed 0,4 V. If the switch current flows into 
terminal Z, no Vpp current will flow out of terminals Y, in this case there is no limit for the voltage 
drop across the switch, but the voltages at Y and Z may not exceed Vpp or VEE. 
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HEF 4051B 
MSI 


[\L\ 


os : x 


[\L\ 


Wi gigigisgls 


Fig. 4 Logic diagram. 
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HEF4051B 
MSI. 


D.C. CHARACTERISTICS 


Tamb = 25 OC 
oe 2500 Q 
=0 to Vpp—-V 

ON resistance RON 245 Q | ba DD~VYEE 

i: a 175 QQ | 

5 115 340 Q Vic =0 
ON resistance 10 | Ron 50 160 Q oe Fie 6 

15 40 115 Q 

5 120 365 QQ \ Vie=Van—V 
ON resistance 10 RON 65 200 Q / ea DD™ "EE 

| 15 50 155 Q 3 
‘A’ ON resistance 5 25 - Q2 
Vic=Oto V = Ne 
between any two 10 ARON 10 - Q | see Fig _ DD—YEE 
channels 15 5 -~ 
OFF-state leakage 5 — — nA | _ 
current, all 10 lOZZ — — nA E at Vpp 
channels OF F 15 — 1000 nA Vss = VEE 
| 

OFF-state leakage 5 _ — nA a 
current, any 10 lozy — — nA | E at Vss 
channel 15 = 200 nA Vss = VEE 


7284306 


Vop-Ver (V) 


Fig. 5 Operating area as a function of the supply voltages. 
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8-channel analogue multiplexer/demultiplexer HEF 4051B 


MSI 
HIGH 
(from address inputs ) 
Yn 
Zn 
Vis = 0 to Vpp — VEE .=200uA 
Vss = VEE 


7274582.2 


Fig. 6 Test set-up for measuring Ron. 


7282373 


Fig. 7 Typical Ron asa function of input 
voltage. 
Vss = VEE=OV 
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HEF4051B 


MSI 


A.C. CHARACTERISTICS 
Vege = Vss = 0 V; Tamb = 25 OC; input transition times < 20 ns 


Vpp where 
V typical formula for P (uW) f; = input freq. (MHz) 
fo = output freq. (MHz) 
Dynamic power 5 1000 f; + D(foCy) x Vpp? C,_ = load capacitance (pF) 


dissipation per 10 5500 f+ D(foCL) x Vpp’? | 2(foC1) =sum of outputs 
package (P) 15 15000 f; + Z(foC_) x Vpp* | Vpp = supply voltage (V) 


A.C. CHARACTERISTICS 
VEE = Vss =0 V; Tamb = 25 OC; input transition times < 20 ns 


“DD symbol | typ. max. 
Propagation delays 
Vis —™ Vos 5 15 30 ~2=ons 
HIGH to LOW 10 tPpHL 5 10  ~=ns | note 1 
15 5 10 ons 
5 15 30. ~=—sons | 
LOW to HIGH 10 tPLH 5 10 ns note 1 
15 5 10 ns 
An —> Vos 2) 150 300° os | 
HIGH to LOW 10 tPHL 60 120° ns note 2 
15 45 90 ons ! J 
o 150 300° ons | 
LOW to HIGH 10 | tpLH 65 130 ~=—sons | note 2 
15 45 90 ns 
Output disable times 
E — Vos 5 120 240 ons 
HIGH 10 tpHZ 90 180 ns | note 3 
15 85 170 ns 
5 145 290 ons 
LOW 10 tp, 7 120 240 ns | note 3 
15 115 230° as 
Output enable times | 
E —®* Vos 5 140 280 ns 
HIGH 10 tPZH 55 110 ns | note 3 
15 40 80 ons | 
5 140 280 ns | | 
Low 10 | tpz, | 55 110 ns | note 3 
15 40 80 
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8-channel analogue multiplexer/demultiplexer HEF4051B 
MSI 


A.C. CHARACTERISTICS 
Vege = Vss = 0 V; Tamb = 25 °C; input transition times < 20 ns 


Distortion, sine-wave 
response 


Crosstalk between 5 
any two channels 


Crosstalk; enable 
or address input 


to output 
OF F-state 
feed-through note 7 
ON-state frequency | 
response | note 8 


NOTES 


Vig is the input voltage at a Y or Z terminal, whichever is assigned as input. 
Vos Is the output voltage at a Y or Z terminal, whichever is assigned as output. 


1. RL = 10 kQ to Veg; Cy = 50 pF to Veg; E = Vgs; Vis = Vpp (square-wave) ; see Fig. 8. 

2. Ru = 10 k&2; Cy = 50 pF to Veg; Es Vss} An = Vpp (square-wave); Vig = Vpp and R,_ to Veg 
for tp_y; Vis = VEE and R, to Vpp for tpyy_; see Fig. 8. 

3. Ri = 10 kQ; Cy = 50 pF to Veg; E = Vpp (square-wave); 
Vis = Vpp and R, to Veg for tpyz and tp7}; 
Vis = VEE and R, to Vpp for tp, 7 and tp7, ; see Fig. 8. 

4. Ry = 10 kQ2; Cy = 15 pF; channel ON; Vj. = % VDD(p-p) (sine-wave, symmetrical about “2 Vpp); 
fis = 1 KHz; see Fig. 9. 

5. Ry = 1 k82; Vig = % VDD(p-p) (sine-wave, symmetrical about % Vpp); 


Vos 
20 log The = —50 dB; see Fig. 10. 


is — 

6. Ry = 10 k&2. to Veg; Cy = 15 pF to Veg; E or An = Vpp (square-wave); crosstalk is | Vos | (peak 
value); see Fig. 8. 

7. RL = 1 kQ; CL = 5 pF; channel OFF; Vi, = % VDD(p-p) (sine-wave, symmetrical about % Vpp): 


Vos 
20 log via = —50O dB; see Fig. 9. 


is 
8. Ry = 1 k&; Cy = 5 pF; channel ON; Vic = %2 VDD(p-p) (sine-wave, symmetrical about % Vpp); 


Vos 
20 log —— = —3 cB; see Fig. 9. 
Vis 
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HEF4051B 


Vis Vos 
Ri Cy 
VEE 
7274585.1 
7274584 
Fig. 8. | Fig. 9. 
Veg V 


channel 


| : channel 
ON mG Ri 


OFF 


7274583 


(a) (b) 
Fig. 10. 
APPLICATION INFORMATION 


Some examples of applications for the HEF4051B are: 

@ Analogue multiplexing and demultiplexing. 

@ Digital multiplexing and demultiplexing. 

@ Signal gating. 

NOTE 

If break before make is needed, then it is necessary to use the enable input. 
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HEF4052B 
MSI 


DUAL 4-CHANNEL ANALOGUE MULTIPLEXER/DEMULTIPLEXER = 


The HEF4052B is a dual 4-channel analogue multiplexer/demultiplexer with common channel select 
logic. Each multiplexer/demultiplexer has four independent inputs/outputs (YQ to Y3) and a common 
input/output (Z). The common channel select logic includes two address inputs (Ag and Aj) and an 
active LOW enable input (E). 


Both multiplexers/demultiplexers contain four bidirectional analogue switches, each with one side 
connected to an independent input/output (Yo to Y3) and the other side connected to a common 
input/output (Z). 

With E LOW, one of the four switches is selected (low impedance ON-state) by Ag and Aj. With E 
HIGH, all switches are in the high impedance OF F-state, independent of Ag and A}. 

Vpp and Vssg are the supply voltage connections for the digital control inputs (Ag, Az and E). The 
Vpp to Vss range is 3 to 15 V. The analogue inputs/outputs (Yq to Y3, and Z) can swing between 
Vpp as a positive limit and Ver as a negative limit. Vpp — Veg may not exceed 15 V. 


For operation as a digital multiplexer/demultiplexer, Vef¢ is connected to Vss (typically ground). 


Fig. 1 Functional diagram. 
DECODER 


FAMILY DATA 


Ipp LIMITS category MSI 
see Family Specifications 


7Z69538.4 
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= Products approved to CECC 90 104-040. 


HEF4052B 


PINNING 
YOA to Y3A_ independent inputs/outputs 
Yop to Y3p_—sindependent inputs/outputs 


Ao, A address inputs 
£E enable input (active LOW) 
7269504 ZA, ZB common inputs/outputs 


Fig. 2 Pinning diagram. 


HEF4052BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4052BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4052BT : 16-lead mini-pack; plastic (SO-16; SOT-109A). 


7282375.1 


Fig. 3 Schematic diagram (one switch). 


FUNCTION TABLE 


channel 
ON 


Yoa—-Za: Yop—ZB 
Y1A—-2A; Y1B—-2ZB 


Yoa—-Za; Y2B—-ZB H = HIGH state (the more positive voltage) 
Y3A—-Za; Y3B—-ZB L = LOW state (the less positive voltage) 
none X = state is immaterial 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) , 
Supply voltage (with reference to Vpp) Vee —18to+0,5 V 
NOTE 


To avoid drawing Vpp current out of terminal Z, when switch current flows into terminals Y, the 
voltage drop across the bidirectional switch must not exceed 0,4 V. If the switch current flows into 
terminal Z, no Vpp current will flow out of terminals Y, in this case there is no limit for the voltage 
drop across the switch, but the voltages at Y and Z may not exceed Vpp or VEE. 
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Dual 4-channel analogue multiplexer/demultiplexer HEF4052B 
MSI 
ZA 


P-L HH 
Bas eee 
hai 


Y3B 
| DK 
Fig. 4 Logic diagram. 
2B 
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HEF4052B | 
MSI 


D.C. CHARACTERISTICS 


350 2500 QQ 
ON resistance Q | os : Vpp-VEE 
+ a | J : 
5 Q 
ON resistance 10 Q | Vis c. 6 
15 Q see Fig. 
5 Q 
ON resistance 10 Q | v vis 9 DDT VEE 
15 Q J g. 
‘A’ ON resistance 5 2 
«= Oto Vnn—-VEEc. 
between any two 10 Q vis ss = DD~YEE 
channels 15 Q g- 
OF F-state leakage 5 _ 
current, all 10 | E at Vpp 
channels OFF 15 
OFF-state leakage 5 _ 
current, any 10 E at Vss 
channel 15 


i 

Se 

ia 

= 

| Ns 
NNN 


Z 
TOO, 
Ha 24 
Ty 
CL, 
CTV 
mmm AA 
TORY 
CC 
a 
i es 
Fl 


eee 


Fig. 5 Operating area as a function of the supply voltages. 
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Dual 4-channel analogue multiplexer/demultiplexer HEF4052B 
MSI 


HIGH 
(from address inputs ) 


Yn 


Vis = 0 to Vpp — VEE lig =200uA 
Vss = VEE 


7Z274582.2 


Fig. 6 Test set-up for measuring Ron. 


7282373 


fet Set ie) le | 
ae ee 
ze ellcciesdl ale tee alee 
Ee See es seer 
af atcscueeeese 


OP a a 
SSEEeESUUEEERe 


Fig. 7 Typical Roy asa function of input voltage. 
ljg = 200 pA 
Vss = VEE =OV 


0 5 10 Vis (V) 15 
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HEF4052B 


MSI 


A.C. CHARACTERISTICS 
Veg = Vss = 0 V; Tamb = 25 OC; input transition times < 20 ns 


DD typical formula for P (uW) 


Dynamic power 5 | 1300 f+ 2(foCL) x Vpp’ 
dissipation per 10 | 6100; + DifoCL) x Vpp? 
package (P) 15 15600 f, + L(fgC,) x Vpp? 


A.C. CHARACTERISTICS 
Vege = Vss = 9 V; Tamb = 25 OC; input transition times < 20 ns 


Propagation delays 


HIGH to LOW 10 ns 
10 ns 
20 ns 
LOW to HIGH 10 ns 
10 ns 
An — > Vos 305 ns 
HIGH to LOW 135 ns 
100 ns 
300 =2=ons 
LOW to HIGH 150 ~=ons 
100 ons 

Output disable times 
E ae Vos 190 ns 
HIGH | 180 ns 
180 ns 
205 ~—ons 
LOW 180 ns 
180 ns 

Output enable times 
HIGH 115 ns 
85 ns 
240 ns 
100 ns 
15 ns 


May 1983 


en —> -—_ 


a a ——{_, -—__——S 


where 

f; = input freq. (MHz) 

fy = output freq. (MHz) 
C,_ = load capacitance (pF) 
X(foC,_) = sum of outputs 
VDp = supply voltage (V) 


note 1 


asec peers 


note 1 


note 2 


note 2 


——S —~__-_—“—_’ 


note 3 


note 3 


note 3 


Dual 4-channel analogue multiplexer/demultiplexer HEF4052B 
MSI 


A.C. CHARACTERISTICS 


Vege = Vss = 0 V; Tamb = 25 OC; input transition times < 20 ns 


V 


Distortion, sine-wave 5 0,25 % 
response 10 0,04 % ’ note 4 
15 0,04 % 
Crosstalk between 5 — MHz 
any two channels 10 1 MHz | note 5 
15 — MHz 
Crosstalk; enable 5 — mV 
or address input 10 50 mV note 6 
to output 15 — mV 
OF F-state 5 — MHz | 
feed-through 10 1 MHz note 7 
15 |} — MHz 
ON-state frequency 5 13 MHz 
response 10 40 MHz note 8 
15 70 MHz J 
NOTES 


Vig is the input voltage at a Y or Z terminal, whichever is assigned as input. 
Vos Is the output voltage at a Y or Z terminal, whichever is assigned as output. 


1. RL = 10 kQ to Veg; CL = 50 pF to Veg; E = Vgs; Vis = Vpp (square-wave); see Fig. 8. 

2. Ri = 10 kQ2; C_ = 50 pF to Veg; E = Vgs; An = Vpp (square-wave); Vig = Vpp and R, to Veg 
for tp_H; Vis = Veg and Ry, to Vpp for tpy_; see Fig. 8. 

3. Ry = 10 kQ; CL = 50 pF to Veg; E = Vpp (square-wave); 
Vis = Vpp and R_, to Veg for tpy7 and tp7y;; 
Vis = VEE and R, to Vpp for tp, 7 and tp7| ; see Fig. 8. 

4. Ry = 10 k&; Cy = 15 pF; channel ON; Vi, = % VDDip-p) (sine-wave, symmetrical about 2 Vpjpy!; 
fis = 1 kHz; see Fig. 9. 

5. Ry = 1kQ; Vig = % VDD(p-p) (sine-wave, symmetrical about “2 Vpp); 


Vos ; 
20 log vil = —50 dB; see Fig. 10. 


is - 
6. RL = 10 kQ. to Veg; Cy = 15 pF to Veg; E or A, = Vpp (square-wave); crosstalk is \Vos | (peak 
value); see Fig. 8. 
7. Ry = 1 kQ; Cy = 5 pF; channel OFF; Vig = % VDDip-p) (sine-wave, symmetrical about 2 Vpp); 


Vos 

20 log va = —50 dB; see Fig. 9. 
is 

8. Ry = 1 kQ; CL = 5 pF; channel ON; Vi, = % VDD(p-p) (sine-wave, symmetrical about 2 Vpp); 


Vos 
20 log —— = —3 dB; see Fig. 9. 
Vis 
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HEF4052B 
MSI 


Vis Vos 
VEE 
7274586.1 
7274584 
Fig. 8. Fig. 9. 
V: 


channel channel 
ON OFF 


7274583 


(a) (b) 
Fig. 10. 


APPLICATION INFORMATION 

Some examples of applications for the HEF4052B are: 
® Analogue multiplexing and demultiplexing. 

® Digital multiplexing and demultiplexing. 

® Signal gating. 

NOTE 


If break before make is needed, then it is necessary to use the enable input. 
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HEF 4053B 
MSI 


TRIPLE 2-CHANNEL ANALOGUE MULTIPLEXER/DEMULTIPLEXER 


The HEF 40538 is a triple 2-channel analogue multiplexer/demultiplexer with a common enable input 
(E). Each multiplexer/demultiplexer has two independent inputs/outputs (Yo and Y1), a common 
input/output (Z), and select inputs (S,). Each also contains two-bidirectional analogue switches, each 


with one side connected to an independent input/output (YQ and Y1) and the other side connected to 
a common input/output (Z). 


With E LOW, one of the two switches is selected (low impedance ON-state) by S,. With E HIGH, all 
switches are in the high impedance OF F-state, independent of Sa to Sc. 


Vpp and Vsg are the supply voltage connections for the digital control inputs (S~ to Sc and E). 
The Vpp to Vsg range is 3 to 15 V. The analogue inputs/outputs (Yg, Y4 and Z) can swing between 
V pp as a positive limit and Ver as a negative limit. Vpp—VEE may not exceed 15 V. 


For operation as a digital multiplexer/demultiplexer, Veg is connected to Vcs (typically ground). 


Fig. 1 Functional diagram. 


DECODER 


FAMILY DATA 


7Z269539.4 


Ipp LIMITS category MSI 
see Family Specifications 


©] Products approved to CECC 90 104-041. 
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HEF4053B 
Msi 


PINNING 
Yoa to Yoc independent inputs/outputs 
Y1a to Yic independent inputs/outputs 
SA to Sc select inputs 
E enable input (active LOW) 
7269505 
Fig. 2 Pinning diagram. ZA toZc common inputs/outputs 


HEF4053BP : 16-lead DIL; plastic (SOT-382Z). 
HEF4053BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4053BT : 16-lead mini-pack; plastic | 

(SO-16; SOT-109A). 


7Z282376.1 


Fig. 3 Schematic diagram (one switch). 


FUNCTION TABLE 


| inputs 


channel 
ON 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (with reference to Vpp) Veg —18tot+0,5 V 
NOTE 


To avoid drawing Vpp current out of terminal Z, when switch current flows into terminals Y, the 
voltage drop across the bidirectional switch must not exceed 0,4 V. If the switch current flows into 
terminal Z, no Vpp current will flow out of terminals Y, in this case there is no limit for the voltage 
drop across the switch, but the voltages at Y and Z may not exceed Vpp or VEE. 
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Triple 2-channel analogue multiplexer/demultiplexer HEF4053B 
MSI 


ZA 


YOA 


ZB 


) do+1>e 
= 7Z69825.2 
E 
Fig. 4 Logic diagram. 
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HEF4053B 
- MSI | 


D.C. CHARACTERISTICS 
Tamb = 25 °C 


Q Z 
ON resistance — RON Q vis ee : VDD-VEE 
| : | a Vig = 0 
ON resistance 10 | RON Q sca PiaG 
- 15 | a 
5 {2 
is = VDp-V 
ON resistance 10 Ron Q vis a DD- VEE 
15 Q : 
‘“A’ ON resistance 5 Ap e 
between any two 10 ARon Q vis 2 VDD-VEE 
channels 15 Q - 
OFF-state leakage 5 
current, all 10 lozz E at Vpp 
channels OF F 15 
OF F-state leakage 5 
current, any 10 lozy E at Vsc 
channel 15 


i 
al 
SANA 


PSESESESIN 
DINING 
Pt | TAWNIANAAANAINAANA 8 


[operating area 


fea alee cael Slriieg 
NINNINISININISINN 
LLL INNANNANANNS 


Poe 


le hecl cl NESSES 
SRN 


Vop-Vee (VI 


Fig. 5 Operating area as a function of the supply voltages. 
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Triple 2-channel analogue multiplexer/demultiplexer HEF4053B 
MSI 


HIGH 
(from address inputs ) 


Yn 


Vig = 0 to Vpop— VEE lig =2Z00 uA 


Vss = VEE 
7274582.2 


Fig. 6 Test set-up for measuring Ron. 
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Vss = VEE=OV 
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HEF4053B 
MsI 


A.C. CHARACTERISTICS 
Vee = Vss =0V; Tamb = 25 OC; input transition times < 20 ns 


VDD typical formula for p (uW) 


where 
fj = input freq. (MHz) 
fo = output freq. (MHz) 


Dynamic power 5 2.500 f;+ Z(foCL) x Vpp’ | Cy = load capacitance (pF) 
dissipation per 10 11500 fj + Z(foC,_) x Vpp? X(foC 1.) = sum of outputs 
package (P) 15 29 000 fj + L(foC_) x Vpp* | Vpp = supply voltage (V) 


A.C. CHARACTERISTICS 
Vege = Vss =0V; Tamb = 25 OC; input transition times < 20 ns 


Propagation delays 


HIGH to LOW tPpHL 5 10 ns note 1 
5 10  ~=ns J 
15 30 =o ns 
LOW to HIGH tPpLH 5 10 ns | note 1 
5 10 ~=ns 
Sn —* Vos 200 400° ns 
HIGH to LOW tPHL 85 170 ns note 2 
65 130 ons 
275 655 ons 
LOW to HIGH tPpLH 100 200 = ns note 2 
65 130 ns 
Output disable times 
E —* Vos 200 400 ns 
HIGH tpHZ 115 230 os | note 3 
110 220° ns 
200 400 _ ons 
LOW tpLZ 120 245 ns | note 3 
110 215 os 
Output enable times 
HIGH tPZH 95 190 ns note 3 
65 130 ~=ons 
280 565 ~~ ons 
LOW tpZ 105 205 ns ! note 3 
70 140 ~~ ns 
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Triple 2-channel analogue multiplexer/demultiplexer HEF4053B 


MSI 
A.C. CHARACTERISTICS 
Vege = Vss = 0 V; Tamb = 25 OC; input transition times < 20 ns 
symbol | typ. max. 
Distortion, sine-wave 
response note 4 
Crosstalk between 5 ! 
any two channels 10 note 5 | 
15 
Crosstalk; enable 5 
or address input 10 note 6 
to output 15 
OF F-state 5 
feed-through 10 note 7 
15 
ON-state frequency 5 
response 10 | note 8 
15 


NOTES 


Vig is the input voltage at a Y or Z terminal, whichever is assigned as input. 
Vos is the output voltage at a Y or Z terminal, whichever is assigned as output. 


1. RL = 10 kQ to Veg; Cy = 50 pF to Veg; E = Vss; Vis = Vpp (square-wave); see Fig. 8. 

2. Ry = 10 kQ; Cy) = 50 pF to Veg; E = Vgs; Sy = Vpp (square-wave); Vis = Vpp and R, to Veg 
for tp, H; Vis = VEE and Ry, to Vpp for tpy ; see Fig. 8. 

3. Rp = 10 kQ; Cy, = 50 pF to Veg; E = Vpp (square-wave); 
Vis = Vpp and R,_ to Veg for tpy7z and tp7q4p; 
Vis = VEE and R, to Vpp for tp, 7 and tp7, ; see Fig. 8. 

4. Ry = 10 k82; Cy = 15 pF; channel ON; Vj. = % VDD(p-p) (sine-wave, symmetrical about 2 Vpp); 
fis = 1 kHz; see Fig. 9. 

5. Rp = 1kQ; Vis = % Vpp(p-p) (sine-wave, symmetrical about % Vpp); 


Vos 
20 log 75s = —50 dB; see Fig. 10. 


is = 

6. Rp = 10 kQ to Veg; Cr = 15 pF to Veg; E or Sy = Vpp (square-wave); crosstalk is | Vos | (peak 
value); see Fig. 8. 

-RL=1kQ; CL = 5 pF; channel OFF; Vis = % Vpp(p-p) (sine-wave, symmetrical about % Vpp); 


~! 


Vos 
20 log ve = —50 dB; see Fig. 9. 
is 
8. Ry = 1 kQ4; Cy = 5 pF; channel ON; Vis = % VDD(p-p) (sine-wave, symmetrical about % Vpp); 


Vos 
20 log —— = —3 dB; see Fig. 9. 
Vis 
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HEF4053B 
MSI 


7Z274588.1 
7274584 


Fig. 8. Fig. 9. 


7274583 


(a) (b) 
Fig. 10. 


APPLICATION INFORMATION 

Some examples of applications for the HEF4053B are: 
@ Analogue multiplexing and demultiplexing. 

@ Digital multiplexing and demultiplexing. 

@ Signal gating. 

NOTE 


If break before make is needed, then it is necessary to use the enable input. 
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PROGRAMMABLE DIVIDE-BY-N COUNTER 


The HEF40598 is a divide-by-n counter which can be programmed to divide an input frequency by 
any number rn from 3 to 15999. The output signal is a one clock-cycle wide pulse and occurs at a rate 
equal to the input frequency divided by n. The single output (O) has TTL drive capability. The down 
counter is preset by means of 16 jam inputs (J1 te J16); continued on next page. : 


7284351 


PRESETTABLE LOGIC 


es eee STD 
— — oe [one oe 


1st INTERMEDIATE COUNTING SECTION 
COUNTING COUNTING 
SECTION SECTION 
+ 10,8,5, 4,2 : +10 : + 1,2,2,4,8 


PRESET 
ENABLE 


OUTPUT 
STAGE 


Fig. 1 Functional block diagram. 


PINNING 


CP clock input 

Ka, Kp, Ke mode select inputs 

J4 toJ1g programmable jam inputs (BCD) 
EL latch enable input 

O divide-by-n output 


7284353 


HEF4059BP : 24-lead DIL; plastic (SOT-101A). 
HEF4059BD: 24-lead DIL; ceramic (cerdip) (SOT-94). 
HEF4059BT : 24-lead mini-pack; plastic 

(SO-24; SOT-137A). 


Fig. 2 Pinning diagram. 


FAMILY DATA | 
; see Family Specifications 
Ipp LIMITS catagory MSI | 
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The three mode selection inputs Kg, Kp and K, determine the modulus (‘divide-by’ number) of the 
first and last counting sections in accordance with Table 1. | 

Every time the first (fastest) counting section goes through one cycle, it reduces, by 1, the number 
that has been preset (jammed) into the three decades of the intermediate counting section and into 
the last counting section (which consists of flip-flops that are not needed for operating the first 
counting section). 

For example, in the + 2 mode, only one flip-flop is needed in the first counting section. Therefore the 
last (5th) counting section has three flip-flops that can be preset to a maximum count of seven with 

a place value of thousands. 

This counting mode is selected when Ka, Kp and Kg are set to HIGH. In this case input J is used to 
preset the first counting section and J to Jq are used to preset the last (5th) counting section. 

If + 10 mode is desired for the first section, Kg is set HIGH, Kp to HIGH and K, to LOW. The jam 
inputs J; to Jq are used to preset the first counting section and there is no last counting section. The 
intermediate counting section consists of three cascaded BCD decade (+ 10) counters, presettable by 
means of the jam inputs J5 to J76. | 

When clock pulses are applied to the clock input after a number 7 has been preset into the counter, the 
counter counts down until the DETECTION circuit detects the zero state. At this time the PRESET 
ENABLE circuit is enabled to preset again the number n into the counter and to produce an output 
pulse. 

The preset of the counter to a desired + 7 is achieved as follows: 


n = (MODE*) (1000 x decade 5 preset + 100 x decade 4 preset + 10 x decade 3 preset 
+ 1 x decade 2 preset) + decade 1 preset. 
* MODE = first counting section divider (10, 8, 5, 4 or 2). 


To calculate preset values for any n count, divide the n count by the selected mode. The resultant is 
the corresponding preset values of the 5th to the 2nd decade with the remainder being equal to the 
1st decade value. 


preset value = : 
mode 


If = 8479, and the selected mode = 5, the preset value = 8479 =~ 5 = 1695 with a remainder of 4, thus 
the jam inputs must be set as follows: 


4 1 5 | 9 6 
Jy Jo J3 Ja Ja Je J7 Jpg Jo Jig Jat) 3 Jt12 «34130 «Sta 15S 6 
L LH HH LH ~L HL L H L H H L 


The mode select inputs permit frequency-synthesizer channel separations of 10, 12,5, 20, 25 and 50 
parts. These inputs set the maximum value of n at 9999 (when the first counting section divides by 

5 or 10) or at 15999 (when the first counting section divides by 8, 4 or 2). 

The three decades of the intermediate counting section can be preset to a binary 15 instead of a 
binary 9. In this case the first cycle of a counter consists of 15 count pulses, the next cycles consisting 
of 10 count pulses. Thus the place value of the three decades are still 1, 10 and 100. For example, in 
the = 8 mode, the number from which the intermediate counting section begins to count-down can be 
preset to: 


3rd decade: 1500 


2nd decade: 150 
Ist decade: 15 


1665 
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The last counting section can be preset to a maximum of 1, with a place value of 1000. The total of 
these numbers (2665) times 8 equals 21 320. The first counting section can be preset to a maximum 
of 7. Therefore, 21327 is the maximum possible count in the + 8 mode. The highest count of the 
various modes is shown in Table 1, in the column entitled ‘extended counter range’. Control inputs 
Kp and Ke can be used to initiate and lock the counter in the ‘master preset’ mode. |In this condition 
the flip-flops in the counter are preset in accordance with the jam inputs and the counter remains in 
that mode as long as Ky, and K, both remain LOW. The counter begins to run down from the preset 
state when a counting mode other than the ‘master preset’ mode is selected. Whenever the ‘master 
preset’ mode is used, control signals K_p = L and K, = L must be applied for at least 3 full clock pulses. 
After the master preset mode inputs have been changed to one of the counting modes, the next 
positive-going clock transitition changes an internal flip-flop so that the count-down can begin at the 
second positive-going clock transition. Thus, after a ‘master preset’ mode, there is always one extra 
count before the output goes HIGH. Figure 3 illustrates the operation of the counter in mode ~= 8 
starting from the preset state 3. 


CP INPUT 


K, INPUT 
(Ka, Kh = LOW) 


internal state 
Gr counter 3 3 3 3 2 1 3 2 1 3 2 1 3 


O OUTPUT | | | | | | 


7Z84352 
Fig. 3 Total count of 3. 


If the ‘master preset’ mode is started two clock cycles or less before an output pulse, the output pulse 
will appear at the time due. If the ‘master preset’ mode is not used the counter is preset in accordance 
with the ‘jam inputs when the output pulse appears. A HIGH level at the latch enable input (EL) will 
cause the counter output to remain in the HIGH state until EL input returns to LOW. If the EL input is 
LOW, the output pulse will remain HIGH for only one cycle of the clock input signal. 

When Kg = L, Kp = H, Ke = L and EL = L, the counter operates in the ‘preset inhibit’ mode, with which 
the dividend of the counter is fixed to 10000, independent of the state of the jam inputs. 

When in the same state of mode select inputs EL = H, the counter operates in the normal + 10 mode, 
however, without the latch operation at the output. 

Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock rise and fall 
times. | 


PMR ARLEN TEAR ALSSEREDS. Ss 
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Table 1 


last counting section counter range 


jam design | extended 


inputs 
used 


preset 


max. 
State 


1 
: 
—s 
el 


Tamb (OC) 


—40 |+25 | +85 
in. | min. | min. 


Output (sink) 04V; Vi= Oor4,75V 
current LOW | 05V;V;=Oorl0V 
1,5V;V);=Oor15V 
Output (source) 46V;V,;=Oor 5V 
current HIGH 2 O 95V;V;=Oor10V 
V9 =13,5V;V;=Oor15V 

Output (source) 

current HIGH Vo= 2,5V;V;=Oor 5V 
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A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 °C; input transition times < 20 ns 


typical formula for P (uW) 


Dynamic power 1100 f + Z(foC_) x Vpp? where 
dissipation per 5500'f + 2(i6C;) xVpp* f; = input freq. (MHz) 


package (P);n=3 15 000 f; + Z(foCy_) x Vpp? fy = output freq. (MHz) 
500 fj + Z(fgCL) x Vpp? C._ = load capacitance (pF) 
n = 1000 3.500 f; + E(fgC) x Vpp? 2 VoL) = sum oF OUtpuls 
9000 f; + E(fgCL) x Vpp? VipD = Supp woltage VV) 


A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 


Vpp ' typical extrapolation 
00 | so min. typ. max. ee 


90 180 ns {78ns+ (0,25 ns/pF) Cy. 
(0,10 ns/pF) Cy 
( 
( 


Propagation delays 
CP —». O 45 90 ~—sons 40 ns + 


HIGH to LOW 35 70 ons 32 ns + (0,07 ns/pF) Cy 
100 200° ons 76 ns + (0,48 ns/pF) Cy 
LOW to HIGH 50 100 ns = j40ns + (0,20 ns/pF) Cy 


40 80 ns {33 ns+ (0,15 ns/pF) Cy 


Output transition : 
times 30 60 ns 10 ns + (0,40 ns/pF) Cy 
HIGH to LOW 15 30 ~=—sns 6 ns + (0,18 ns/pF) Cy 
10 20 ns 4ns + (0,13 ns/pF) Cy 


45 90 ns |10ns+ (0,70 ns/pF) Cy 


LOW to HIGH 25 50 ~—ons 9 ns + (0,33 ns/pF) Cy 

16 32 ns 5 ns + (0,23 ns/pF) Cy 
Maximum clock 3,5 7 MHz 
pulse frequency 7,5 15 MHz 
10,0 20 MHz 
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14-STAGE RIPPLE-CARRY BINARY COUNTER/DIVIDER 
AND OSCILLATOR 


The HEF4060B is a 14-stage ripple-carry binary counter/divider and oscillator with three oscillator 
terminals (RS, Rt¢ and Crc), ten buffered outputs (03 to Og and 041 to 073) and an overriding 
asynchronous master reset input (MR). The oscillator configuration allows design of either RC or 
crystal oscillator circuits. The oscillator may be replaced by an external clock signal at input RS. The 
counter advances on the negative-going transition of RS. A HIGH level on MR resets the counter (03 
to Og and 071 to 073 = LOW), independent of other input conditions. 

Schmitt-trigger action in the clock input makes the circuit highly tolerant to “ioice clock rise and fall 


times. 


7284437.1 
Fig. 1 Functional diagram 
PINNING 
MR master reset 
RS clock input/oscillator pin 
RTc oscillator pin 
Ctc external capacitor connection 
G3 tee t tputs 
077 10073 counter outpu 


7284432 


Fig. 2 Pinning diagram. 


HEF4060BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4060BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4060BT : 16-lead mini-pack; plastic (SO-16; SOT-109A). 


FAMILY DATA | 
| see Family Specifications 
Ipp LIMITS category MSI | 
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A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


“DD syinbol imc. Svpi. “inane typical extrapolation 


formula 
Propagation delays 

Ro. == Os 5 210 420 os 183 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10) | tpHL 80 160 ns 69 ns + (0,23 ns/pF) Cy 
15 50 100 ns 42 ns + (0,16 ns/pF) Cy. 
5 210 420 os 183 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 tPLH 80 160 ns | 69ns+ (0,23 ns/pF) Cy). 
50 100 ns 42 ns + (0,16 ns/pF) Cy 

HIGH to LOW 10 20 ns 

6 12 ns 

25 50 ns 

LOW to HIGH 10 20 ns 

6 12 ns 


MR —» O, 
HIGH to LOW 


100 200 ns 73 ns + (0,55 ns/pF) Cy. 
40 80 ns 29 ns + (0,23 ns/pF) Cy 
30 60 ns 22 ns + (0,16 ns/pF) Cy 


Output transition 60 120 ns 10 ns + (1,0 ns/pF) Cy 


times 30 60 ns | 9ns+ (0,42 ns/pF) Cy 
HIGH to LOW 20 40 ns 6 ns + (0,28 ns/pF) Cy 
60 120 ns 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 30 60 ns 9 ns + (0,42 ns/pF) Cy 
20 40 ns 6 ns + (0,28 ns/pF) Cy 
Minimum clock pulse 60 | 
width input RS 25 
HIGH 15 
Minimum MR pulse 25 
width; HIGH 15 
10 
Recovery time 80 
for MR 40 
30 
Maximum clock pulse 8 
frequency input RS 20 
30 
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A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; input transition times < 20 ns 


| typical formula for P (uW)* 


Dynamic power dissipation 700 f; + fC, Vpp? 
per package 3300 f; + fC, Vpp? 
(P) 8 900 f; + foCL Vpp? 


Total power dissipation 700 fose t fo CLVDD? + 2CikVDD? fose + 690 Vop 


when using the 3300 fose + foCLVDD? + 2C:VDD7 fose + 6900 VoD 
on-chip oscillator (P) . 8900 fosc t fo CLVDD? + 2C¢VDD? fose + 22000 Vop 
* where: 
f; = input frequency (MHz) 


fg = output frequency (MHz) 
C; = load capacitance (pF) 
Vpp = supply voltage (V) 

C, = timing capacitance (pF) 
fosc = oscillator frequency (MHz) 
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RC oscillator 


MR (from logic) HEF 4060B 


Typical formula for oscillator 
frequency: 
1 


: , A een eee 
| OSC 2,3 x Ry x Cy 
¢L/ 7284434 


Fig. 4 External component connection for RC oscillator. 


Timing component limitations 


The oscillator frequency is mainly determined by R;C+, provided Ry << R2 and R2C2 << RC. The 
function of R2 is to minimize the influence of the forward voltage across the input protection diodes 
on the frequency. The stray capacitance C2 should be kept as small as possible. In consideration of 
accuracy, Cy must be larger than the inherent stray capacitance. Ry must be larger than the LOCMOS 
‘ON’ resistance in series with it, which typically is 500 Q at Vpp = 5 V, 300 22 at Vpp = 10 V and 
200 22 at Vpp = 15 V. 


The recommended values for these components to maintain agreement with the typical oscillation 
formula are: 


C; 2 100 pF, up to any practical value, 
10kQ < Ry<1 MQ. 


Typical crystal oscillator circuit 


In Fig. 5, R2 is the power limiting resistor. For starting and maintaining oscillation a minimum 


transconductance is necessary. — . 
MR (from logic) 


HEF 4060B 


100 pF 


Fig. 5 External component connection for 


crystal oscillator. 
7284433 
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vi ~ 
(f = 1 kHz) 


7284363 


Fig. 6 Test set-up for measuring forward transconductance gf. = dig/dv; at Vg is constant (see also 
graph Fig. 7); MR = LOW. 


naetial 
ae SE ee (a a a ee 


Curves in Fig. 7: 


A: average 

B: average + 2 s, 

C: average —2 s, in where: 
‘s’ is the observed standard 
deviation. 
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Fig. 7 Typical forward transconductance gz as 
a function of the supply voltage at Tamp = 25 OC. 
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QUADRUPLE BILATERAL SWITCHES Gs 


The HEF4066B has four independent bilateral analogue switches (transmission gates). Each switch has 
two input/output terminals (Y/Z) and an active HIGH enable input (E). When E is connected to Vpp 
a low impedance bidirectional path between Y and Z is established (ON condition). When E is 
connected to Vs the switch is disabled and a high impedance between Y and Z is established (OFF 
condition). 


The HEF4066B is pin compatible with the HEF4016B but exhibits a much lower ON resistance. In 
addition the ON resistance is relatively constant over the full input signal range. 


7269712 


7269571.2 a 
Fig. 2 Pinning diagram. 
Fig. 1 Functional diagram. HEF4066BP : 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4066BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
PINNING HEF4066BT : 14-lead mini-pack; plastic 
Eg tb E3 enable inputs (SO-14; SOT-108A). 
YO to Y3 input/output terminals APPLICATION INFORMATION 
20 up 23 input/output terminals An example of application for the HEF4066B is: 
@ Analogue and digital switching 
Yn 
E., > 
Vss Z,  7274626.2 


Fig. 3 Schematic diagram (one switch). 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Power dissipation per switch , | P max. 100 mW 
For other RATINGS see Family Specifications | 


D.C. CHARACTERISTICS 
Tamb = 25 OC 


conditions 


| Q | E, at Vpp 
ON resistance 82 Vis = Vss to Vpp 
Q2 J see Fig. 4 
Q2 E, at Vpp 
ON resistance Q2 _ Vis= Vss 
Q2 see Fig. 4 
82 | E, at Vpp 
ON resistance 22 ~ Vis=Vpp 
Q2 J see Fig. 4 
‘A’ ON resistance Q2 | En, at Vpp | 
between any two 22 Vis = Vss to Vpp 
channels Q see Fig. 4 
OFF state leakage nA | 
current, any nA En at Vss 
channel OFF nA 
E, input voltage V a 
LOW Vv ee 
V see Fig. 9 


conditions 


V +25 +85 
max. max. 
Quiescent device s) 1,0 7,5 wA Vsg = 0; all valid 
current 10 2,0 15,0 wA input combinations; 


4,0 30,00 wA J V;=Vss or Vpp 
Input leakage 


current at Ey 15 300 1000 nA 


E, at Vss or Vpop 
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Quadruple bilateral switches 


— 7274577.2 


Fig. 4 Test set-up for measuring Ron. 


Fig. 5 Typical Roy as a function of input voltage. 


E, at Vpp 
Vss =OV 


EE EW Noles eres Se a aa 
pe eile Nate See ede 


NOTE 


To avoid drawing Vpp current out of terminal Z, when switch current flows into terminals Y, the 
voltage drop across the bidirectional switch must not exceed 0,4 V. If the switch current flows into 
terminal Z, no Vpp current will flow out of terminals Y, in this case there is no limit for the voltage 
drop across the switch, but the voltages at Y and Z may not exceed Vpp or Vss. 
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A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 °C; input transition times < 20.ns 


praeeaution delays 


Vis —™ Vos 5 | 10 20 ns | 
HIGH to LOW 10 tPHL 5 10 ns note 1 
15 5 10 ns 
5 10 20 ~—s ns 
LOW to HIGH 10 tPLH 5 10 ns | note 1 
15 5 10  ~ns 
Output disable times 
HIGH | | 10 tpyz 65 130 ns | note 2 
15 60 120 
| 5 80 160 | 
LOW 10 tpLz 70 140 
[15 70 140 J 
Output enable times | | 
En — Vos 5 7 40 80 
HIGH | 10 tp7H 20 40 
| 15 15 30 
5 45 90 
LOW 10 tpZ7 20 40 
15 15 30 
Distortion, sine-wave 5 | 0,25 
response 10 0,04 
| 15 0,04 
~ Crosstalk between 5 — 
any twochannels | 10 1 
7 Crosstalk; enable 5 = 
input to output | 10 50 
| 5 — 
OFF-state 5 | = 
feed-through 10 1 
15 — 
ON-state frequency 5 = 


response 90 


ae typical formula for P (uW) eee freq. (MHz) 
fo = output freq. (MHz) 
Dynamic power 5 800 fj + Z(foCL) x Vpp? C,_ = load capacitance (pF) 
dissipation per 10 3 500 fj + Z(foCy) x Vpp? X(foC._) = sum of outputs 
package (P) 15 10 100 f; + Z(f—oC,_) x Vpp? 


Vpp = supply voltage (V) 
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NOTES 


Vig is the input voltage at a Y or Z terminal, whichever is assigned as input. 
Vos is the output voltage at a Y or Z terminal, whichever is assigned as output. 


i 
2. 


R__ = 10 k&2 to Vgs; CL = 50 pF to Vss; En = Vpp;: Vis = Vpp (square-wave); see Figs 6 and 10. 
R_ = 10 k&2; C, = 50 pF to Vss; E, = Vpp (square-wave); 

Vis = Vpp and R,_ toVsg for tpy7 and tpzy; 

Vis = Vssg and R, to Vpp for tp, 7 and tp7, ; see Figs 6 and 11. 


- RE = 10 k&2; C, = 15 pF; En = Vpp; Vis = % VDD(p-p) (sine-wave, symmetrical about % Vpp); 


fis = 1 KHz; see Fig. 7. 


-RL = 1kQ; Vis = % VpD(p-p) (sine-wave, symmetrical about % Vpp): 


Vos (B 


20 lo 


= —50 dB; E, (A) = Vgs; Ep (B) = Vpp; see Fig. 8. 


/ RL = 10 kQ to Vgs; CL = 15 pF to Vs; Ey = Vpp (square-wave); crosstalk is |Vos | (peak value); 


see Fig. 6. 


/-REL=1kQ; Cy =5 pF; Ey, = Voss; Vis = % VDDip-p) (sine-wave, symmetrical about % Vpp); 


Vos 
20 log vA = —50 dB; see Fig. 7. 


is 
/-RL= 1k; Cy =5 pF; Eq = Vpp: Vis = 2 VDD (p-p) (sine-wave, symmetrical about % Vpp); 


V 
20 log oS = —3 dB; see Fig. 7. 
Vis 


72Z74581.2 
Fig. 6. 
Vis Vos 
RL CL 
7274579.1 Vss 
Fig. 7. 
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switch A switch B 


E, (A) > 


Vss 
(a) Vs (b) 7Z74590.2 


Fig. 8. 


7279896 


Fig. 9. 
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Quadruple bilateral switches 


a “a TPLH EBA 


7279897 


Fig. 10 Waveforms showing propagation delays from Vj to Vog. 


20ns 20ns 
— ~<+—— ——_ =< 
VDD 
E,, INPUT 
Vss 
90% 
Vos (0) 
—>| tpyHz i+ 
Vos (2) 
£10% 
= = tpZ7L —~l tp_tz i+ 7279898 


(1) Vig at Vpp; (2) Vis at Vss. 


Fig. 11 Waveforms showing output disable and enable times. 
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a. 
16-CHANNEL ANALOGUE MULTIPLEXER/DEMULTIPLEXER Wij 


The HEF4067B is a 16-channel analogue multiplexer/demultiplexer with four address inputs (Ag to 
A3), an active LOW enable input (E), sixteen independent inputs/outputs (Yo to Y15) and a common 
input/output (Z). 

The device contains sixteen bidirectional analogue switches, each with one side connected to an 
independent input/output (Yo to Y15) and the other side connected to the common input/output (Z). 


With E LOW, one of the sixteen switches is selected (low impedance ON-state) by Ag to Az. All 
unselected switches are in the high impedance OFF -state. With E HIGH all switches are in the high 
impedance OF F-state, independent of Ag to A3. 


The analogue inputs/outputs (Yg to Y75 and Z) can swing between Vpp as a positive limit and Vss as 
a negative limit. Vpp to Vss may not exceed 15 V. 


1-of-—16 


DECODER 


Fig. 1 Functional diagram. 


FAMILY DATA | SET ye 


IDp LIMITS category MS! 
see Family Specifications 
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HEF4067BP : 24-lead DIL; plastic 
(SOT-101A). 

HEF4067BD: 24-lead DIL; ceramic 
(cerdip) (SOT-94). 

HEF4067BT : 24-lead mini-pack;plastic 
(SO-24; SOT-137A). 


Yo Yio Yu Yar Ys Yaa Yas 


HEF4067B 


7273693.1 


Fig. 2 Pinning diagram. 


PINNING 


Yo to Y15 independent inputs/outputs 
Ag to A3 address inputs 

E enable input (active LOW) Yn 
Z common input/output 


Zn 


7282379.1 


Fig. 3 Schematic diagram (one switch). 


PUNCTION TABLE 


inputs _ channel 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 


> dae Rin cag Ses AG Rag iM Se aa oe cae sane i Deal oe ma 


a Se ee ee 
<a ee re ea ee ee 
DL Pree Lae ea or 
rx Derperrirrriririr 
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Fig. 4 Logic diagram. 
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HEF 4067B 


MSI 


D.C. CHARACTERISTICS 


Tamb = 25 PC 
| conditions 
Q ieee 
ON resistance 2 | vis mos ee 
Q | J see Fig 
G2 
Vic=V 
ON resistance . | Be Fig 
£2 
Vice=V 
ON resistance ; Pe Fig. B 
A’ ON resistance 82 | | Vis = Vss to Vop 
between any two a see Fig. 5 
channels 2 
OF F-state leakage 
current, all 


channels OFF 


OF F-state leakage 
current, any 
channel 


Aenean ear eaten at mse AAA ras namin A nana NRC nei 
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16-channel analogue multiplexer/demultiplexer HEF 4067B 
MSI 


HIGH 
(from address inputs) 


Vis = Vss to Vop 
lig = ZOO UA 


Vss 
7Z274591.2 


‘s 


Fig. 5 Test set-up for measuring Ron. 


7282373 


ele Eel 
fl] ia 
Bes i 
IA i oe ES 
ST ee eed Seah eel Sir seed 
see eee eee ees 
cee ae 
| Gf a 
eed oes We eae al eg 
Late Skee ese e eee 
a 0V Ea 
go | | 
Y | {15V] | 

i Fig. 6 Typical Roy asa function of input 

Zag RRee voltage. 
lig = 200 uA 
0 5 10 Vis (V) 15 Vss= OV 


NOTE 


To avoid drawing Vpp current out of terminal Z, when switch current flows into terminals Y, the 
voltage drop across the bidirectional switch must not exceed 0,4 V. If the switch current flows into 
terminal Z, no Vpp current will flow out of terminals Y, in this case there is no limit for the voltage 
drop across the switch, but the voltages at Y and Z may not exceed Vpp or Vs. 
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HEF 4067B 
MsI 


A.C. CHARACTERISTICS 
Vss = 90 V; Tamb = 25 OC; input transition times < 20 ns 
where 


f; = input freq. (MHz) 
fy = output freq. (MHz) 


typical formula for P (uW) 


Dynamic power 1 100 f; + Z(fgCL) x Vpp? C,_ = load capacitance (pF) 
dissipation per 5 000 f; + X(foCL) x Vpp’ X(fgCL) = sum of outputs 
package (P) 13 300 f; + L(fgCL) x Vpp? Vpp = supply voltage (V) 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 °C; input transition times < 20 ns 


Propagation delays 


HIGH to LOW 15 25 ns |not 1 
| 10 20 ns 
25 50 ns 
LOW to HIGH 10 20 ns |ove 
10 20 ns 
An —*> Vos 190 380 ~—ns 
HIGH to LOW 70 145 ns |not 2 
50 100 ns 
175 345 ns 
LOW to HIGH 70 140 ns | note 2 
50 100 ns 
Output disable times 
Ec Vos 195 385 ns 
HIGH 140 280 _ ~—s ns |not 3 
130 260 ns 
215 435 ns | 
LOW 180 355 ns note 3 
170 340 ns J 
Output enable times 
E —® Vos 155 315 ns 
HIGH 70 135 ns note 3 
50 100 ns J 
170 340 ns 
70 140 ons note 3 
50 100 ns 
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16-channel analogue multiplexer/demultiplexer HEF4067B 
MSI 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 °C; input transition times < 20 ns 


Distortion, sine-wave 
response 


Crosstalk between MHz 
any two channels MHz | ‘note 5 
MHz 
Crosstalk; enable mV | 
or address input mV note 6 
to output mV J 
OF F-state MHz 
feed-through MHz |not 7 
MHz 
ON-state frequency MHz | 
response MHz | }note 8 
MHz j 


NOTES 


Vig is the input voltage at a Y or Z terminal, whichever is assigned as input. 

Vos is the output voltage at a Y or Z terminal, whichever is assigned as output. 

1. RL = 10 kQ to Vgg; Cy = 50 pF to Vgs; E = Vgs; Vis = Vpp (square-wave); see Fig. 7. 

2. Ry = 10 k&2; C; = 50 pF to Vss; E = Vss; An = Vpp (square-wave); Vig = Vpp and Ry, to Vsg for 
tpLH; Vis = Vss and R, to Vpp for tpy__; see Fig. 7. 

3. Ry = 10 kQ; Cy = 50 pF to Vs; E = Vpp (square-wave); 
Vis = Vpp and R_ to Vsg for tpy7 and tp7}; 
Vis = Vss and R, to Vpp for tp, 7 and tp7, ; see Fig. 7. 

4. RL = 10 kQ; Cy = 15 pF; channel ON; Vis = % Vpp(p-p) (sine-wave, symmetrical about 2 Vpp); 
fig = 1 KHz; see Fig. 8. 

5. Ry = 1kQ; Vis = % Vppip-p) (sine-wave, symmetrical about % Vpp); 


Vos , 
20 log vai = —50 dB; see Fig. 9. 


is = 
6. RL = 10 kQQ to Vgs; Cy = 15 pF to Vgs; E or Ayn = Vpp (square-wave); crosstalk is Vos | (peak 
value); see Fig. 7. 
7. RL = 1kQ; Cy = 5 pF; channel OFF; Vj, = % VDD(p-p) (sine-wave, symmetrical about 2 Vpp); 


Vos 
20 log ve = —50 dB; see Fig. 8. 
is 
8. Rp = 1 kQ; Cy = 5 pF; channel ON; Vj, = % VDD(p-p) (sine-wave, symmetrical about 2 Vpp); 


Vos 
20 log —— = —3 GB; see Fig. 8. 
Vis 
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HEF4067B 


370 


7274594.1 | 


channel 


channel R 
ON L 


OFF 


OFF 


Vss Vss 7274592 
(a) (b) 


Fig. 9. 


APPLICATION INFORMATION | 
Some examples of applications for the HEF4067B are: 


@ Analogue multiplexing and demultiplexing. 
@ Digital multiplexing and demultiplexing. 
@ Signal gating. 


NOTE 
If break before make is needed, then it is necessary to use the enable input. 
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HEF 4068B 


gates 


1X ASST 2G POR "S CORO OY A RA ANITA 


-~ 
5-INPUT NAND GATE Ge 


The HEF4068B provides the 8-input NAND function. The outputs are fully buffered for highest noise 
immunity and pattern insensitivity of output impedance. 


Fig. 2 Pinning diagram. 


HEF4068BP : 14-lead DIL; plastic (SOT-27K, M, T). 

——- HEF4068BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
eck HEF4068BT : 14-lead mini-pack; plastic 

Fig. 1 Functional diagram. (SO-14; SOT-108A). 


| 0 >o-f>o— 7274499 


FAMILY DATA 
ee ee | see Family Specifications 
ig. ogic diagram. [pp LIMITS category GATES 
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HEF 4068B 


gates 


A.C. CHARACTERISTICS 
Vss- OV; Tam = 25 °C; coe 60 pF; input transition times < 


ear icetnmenemeeurhueiednatete trys enunn ane eres rene eet enh ear he een petnernerie ete 


max 
Propagation delays | 
In > O 5 195 ons 
HIGH to LOW | 10 tPHL 85 ons 
15 65 ons 
5 165 ons 
LOW to HIGH 10 tPLH 70 ons 
15 60 ns 
Output transition 
times 5 120 ons 
HIGH to LOW 10 tTHL 60 ns 
15 40 sons 
5 120 ns 
LOW to HIGH 10 tTLH 60  ~=ns 
| 15 40 ons 
Ro ee 
r Yoo | typical formula for P (uW) 


| 5 700 f; sie x Vpp* 
10 | 2900 f+ Z(fgC)) x Vpp? 
15 | 7200f; + Z(foCL) x Vpp” 


~|Dynamic power 
dissipation per 
| package (P) 


October 1980 


20 ns 


typical extrapolation 
formula 


68 ns + (0,55 ns/pF) Cy. 
29 ns + (0,23 ns/pF) Cy, 
22 ns + (0,16 ns/pF) Cy. 


53 ns + (0,55 ns/pF) Cy. 
24 ns + (0,23 ns/pF) Cy. 
22 ns + (0,16 ns/pF) Cy 


10 ns + (1,0 ns/pF) Cy. 
9 ns + (0,42 ns/pF) Cy. 
6 ns + (0,28 ns/pF) Cy 

10 ns + (1,0 ns/pF) C1. 
9 ns + (0,42 ns/pF) Cy. 
6 ns + (0,28 ns/pF) ot 


where . 

fj} = input freq. (MHz) 
fo = output freq. (MHz) 
C,_ = load capacitance (pF) 
X(f_gC;_) = sum of outputs 
VDD’ = supply voltage (V) 


HEF4069UB 


gates 


| -~ 
HEX INVERTER Ge 


The HEF4069UB is a general purpose hex inverter. Each of the six inverters is a single stage. 


Fig. 2 Pinning diagram. 


HEF4069UBP : 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4069UBD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
HEF4069UBT : 14-lead mini-pack; plastic 

(SO-14; SOT-108A). 


1273 696 


Fig. 1 Functional diagram. 


VoD 


al 


Vss 7284371 


Fig. 3 Schematic diagram (one inverter). 


FAMILY DATA | 7 
| | see Family Specifications for Vj}4/V;, unbuffered stages << 
IDpD LIMITS category GATES J | 
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HEF4069UB 


gates 


A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


typical ssansisdea: 
BS See 


Propagation delays 18 ns + (0,55 ns/pF) Cy 
In —e OF i tPHL i ae ns 9 ns + (0,23 ns/pF) Cy. 
HIGH to LOW 15 15 25 ns 7 ns + (0,16 ns/pF) Cy, 


5 40 80 ns 13 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 tpLH 20 40 ns 9 ns + (0,23 ns/pF) Cy 
| 15 15 30 ns 7 ns + (0,16 ns/pF) Cy 
Output transition times 5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy, 
5 60 120 ns 10 ns + (1,0 ns/pF) Cy 


LOW to HIGH 10 | trLy 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 | 20 40 ns 6 ns + (0,28 ns/pF) Cy 

where 

f; = input freq. (MHz) 

fo = output freq. (MHz) 


Dynamic power 600 fj + Z(foC) x Vpp* C,_ = load capacitance (pF) | 
dissipation per 4000 ff + Z(f5CL) x Vpp* | 2(foCy) = sum of outputs 
package (P) 22000 f, + Z(foC_) x Vpp*? | Vpp = supply voitage (V) 
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HEF4069UB 


gates 


APPLICATION INFORMATION 
Some examples of applications for the HEF4069UB are shown below. 


In Fig. 7 an astable relaxation oscillator is given. The oscillation frequency is mainly determined by 
R1C1, provided R1 << R2 and R2C2<< RI1C1. 


VobD 


1/6 HEF4069UB- 1/6 HEF 4069UB 


“ss | C 7284373 


4 forward voltage 


. . 7 4 
clamping diode ei 


(b) 


Fig. 7(a) Astable relaxation oscillator using two HEF4069UB inverters; the diodes may be BAW62; 
C2 is a parasitic capacitance. (b) Waveforms at the points marked A, B, C and D in the circuit diagram. 


The function of R2 is to minimize the influence of the forward voltage across the protection diodes on 
the frequency; C2 is a stray (parasitic) capacitance. The period Tp is given by Ty = Tq + TQ, in which 


V +V 2V —V 
Ty = R1C1 in— and T9 = R1C1 (pombe where 
ST 


VDD — VST 


VsT is the signal threshold level of the inverter. The period is fairly independent of Vpp, VsT and 
temperature. The duty factor, however, is influenced by VsT. 
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HEF4069UB 


gates 


Hex inverter 


1MQ 22 pF 1MQ 


2 MHz 


1/6 HEF4069UB 
(1) 


1/6 HEF4069UB 100 22 


7 7 


(1) This inverter is added to amplify the oscillator output voltage to a level sufficient to drive other 
LOCMOS circuits. 


7284369 


Fig. 8 Crystal oscillator for frequencies up to 10 MHz, using two HEF4069UB inverters. 


—— 7284257.1 
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0 5 10 Vis (y) 18 0 ‘5 10 \, Ci 
Fig. 9 Voltage gain (VQ/V)) as a function Fig. 10 Supply current as a function 
of supply voltage. of supply voltage. 
330 kQ2 


Fig. 11 Test set-up for measuring graphs 
of Figs 9 and 10. 

It is also an example of an analogue 
amplifier using one HEF4069UB. 


1/6 HEF4069UB 
7284370 
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gates 


APPLICATION INFORMATION (continued) 


Rpias = B6OkN 


0,47 uF 
Vi “N . ; 
aero lo ™ 
Vss 


7Z84363 


Fig. 12 Test set-up for measuring forward transconductance 
fs = di9/dv; at vo is constant (see also graph Fig. 13). 


7284364 


Curves in Fig. 13: 


0 
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mA/V Z| A : average, 
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Sea cae 2A deviation. 
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Fig. 13 Typical forward transconductance gz as a 
function of the supply voltage at Tamp = 25 OC. 
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HEF4070B 


gates 


QUADRUPLE EXCLUSIVE-OR GATE 


The HEF4070B provides the positive quadruple exclusive-OR function. The outputs are fully. 
buffered for highest noise immunity and pattern insensitivity of output impedance. 


7273473 


Fig. 2 Pinning diagram. 


HEF4070BP : 14-lead DIL; plastic (SOT-27K, M, T). 

HEF4070BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
: HEF4070BT : 14-lead mini-pack; plastic 

eae (SO-14; SOT-108A). 


Fig. 1 Functional diagram. 


7Z274505.1 


TRUTH TABLE 


APPLICATION INFORMATION 


Some examples of applications for the HEF4070B are: 
@ Logical comparators 
® Parity checkers and generators 


H = HIGH state (the more 
positive voltage) 
L = LOW state (the less 


FAMILY DATA positive voltage) 


see Family Specifications 
IDp LIMITS category GATES 
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A.C. CHARACTERISTICS 
VSs> 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


ne entertain tn COMA ete ee me 


typical extrapolation 
formula 


Propagation delays 


lp On 58 ns + (0,55 ns/pF) Cy 
HIGH to LOW 24 ns + (0,23 ns/pF) Cy. 
21 ns + (0,16 ns/pF) Cy 

48 ns + (0,55 ns/pF) Cy 

LOW to HIGH 19 ns + (0,23 ns/pF) Cy. 


17 ns + (0,16 ns/pF) Cy 


Output transition 
times 
HIGH to LOW 


| 10 ns + (1,0 ns/pF) Cy 
9ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 
10 ns + (1,0 ns/pF) Cy 
9ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 


LOW to HIGH 


f; = input freq. (MHz) 

fo = output freq. (MHz) 
C,_ = load capacitance (pF) 
X(foC__) = sum of outputs 
VDD = supply voltage (V) 


1100 fj + XlfyCL) x Vpp, 
dissipation per 4900 f; + ZfoCi) x Vpp, 
package (P) 14 400 f, + BMeGL) x x VDD 


Dynamic power 


May 1983 


HEF 4071B 


gates 


-~ 
QUADRUPLE 2-INPUT OR GATE Gs 


The HEF4071B is a positive logic quadruple 2-input OR gate. The outputs are fully buffered for 
highest noise immunity and pattern insensitivity of output impedance. 


HEF4071B 


O02 13 


Fig. 2 Pinning diagram. 


: HEF4071BP : 14-lead DIL; plastic (SOT-27K, M, T). 
race HEF4071BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
Fig. 1 Functional diagram, HEF4071BT: 14-lead mini-pack; plastic 

(SO-14; SOT-108A). 


\~ 2O— O71 


7Z279423.1 


Fig. 3 Logic diagram (one gate). 


FAMILY DATA | 


see Family Specifications 
IDp LIMITS category GATES | 
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A.C. CHARACTERISTICS 
Ves = 0 V; Tamb = 25 °C; C_= 50 pF; input transistion times < 20 ns 


symbol typ. max 

Propagation delays 
Ip —>. 07 5 55 115 ons 
HIGH to LOW | 10 tPHL 25 50 ~—s ns 
| 15 20 35 ns 
5 45 90 ns 
LOW to HIGH | 10 tPpLH 20 45 ns 
15 15 30 ns 

Output transition 

times 5 60 120 ns 
HIGH to LOW | 10 tTHL 30 60  ~ns 
15 20 40 ns 
5 60 120 ~=ns 
LOW to HIGH tTLH 30 60 ns 
20 40 ns 


typical formula for P (uW) 


Dynamic power 
dissipation per 
package (P) 


1150 f; + Z(foCL) x Vpp? 
4800 f; + Z(foC) x VoD’? 
19 700 f; + D(fgC_) x Vpp? 


typical extrapolation 
formula 


28 ns + (0,55 ns/pF) Cy 
15 ns + (0,23 ns/pF) Cy. 
12 ns + (0,16 ns/pF) Cy 


18 ns + (0,55 ns/pF) Cy 
9 ns + (0,23 ns/pF) Cy. 
7 ns + (0,16 ns/pF) Cy 


10 ns + (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Ci 
10 ns + (1,0 ns/pF) Cy. 
9ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy. 


where 
f; = input freq. (MHz) 

fg = output freq. (MHz) 
C,. = load capacitance (pF) 
X(foCi_) = sum of outputs 
Vpp = supply voltage (V) 
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-~ 
DUAL 4-INPUT OR GATE Ss 


The HEF4072B provides the positive dual 4-input OR function. The outputs are fully buffered for 
highest noise immunity and pattern insensitivity of output impedance. 


7269508 


Fig. 2 Pinning diagram. 


7269552 


Fig. 1 Functional diagram. HEF4072BP : 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4072BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
HEF4072BT : 14-lead mini-pack; plastic 
(SO-14; SOT-108A). 


7Z275427.1 


Fig. 3 Logic diagram (one gate). 


FAMILY DATA 
see Family Specifications 


IDp LIMITS category GATES 
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A.C. CHARACTERISTICS 


Vss = 0 V; Tamb = 25 °C; Cy= 50 pF; input transition times < 20 ns 


Propagation delays 
—? On 


HIGH to LOW 


In 


LOW to HIGH 


Output transition 
times 
HIGH to LOW 


LOW to HIGH 


Dynamic power 
dissipation per 
package (P) 
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typical extrapolation 


symbol typ. max. founadlae 


53 ns + (0,55 ns/pF) Cy 
24 ns + (0,23 ns/pF) Cy. 
17 ns + (0,16 ns/pF) Cy. 
48 ns + (0,55 ns/pF) Cy. 
24 ns + (0,23 ns/pF) Cy 
17 ns + (0,16 ns/pF) Cy 


10 ns + (1,0 ns/pF) Cy 
9ns + (0,42 ns/pF) Cy. 
6 ns + (0,28 ns/pF) Cy 

10 ns + (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy 

6 ns + (0,28 ns/pF) Cy 


fy = output freq. (MHz) 


, : where 
typical formula for P (uW) f--qapureau MHz 
5 


950 f; + X(fgC_) x Vpp’ C, = load capacitance (pF) 
4500 fj + Z(foCL) x Vpp” X(foC,) = sum of outputs 
13 700 fj + Z(foCy) x Vpp? Vpp = supply voltage (V) 


HEF 4073B 


gates 


-~ 
as 


TRIPLE 3-INPUT AND GATE 


The HEF4073B provides the positive triple 3-input AND function. The outputs are fully buffered for 
highest noise immunity and pattern insensitivity of output impedance. 


7Z73697 


Fig.2 Pinning diagram. 


7273698 


HEF4073BP : 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4073BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
HEF4073BT : 14-lead mini-pack; plastic 

(SO-14; SOT-108A). 


Fig.1 Functional diagram. 


4 
De De 
I3 

7275428.1 


Fig.3 Logic diagram (one gate). 


FAMILY DATA 
| see Family Specifications 


Ipp LIMITS category GATES 
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A.C. CHARACTERISTICS 


Vos = 0 V; Tamb = 25 °C; Cy = 50 pF; input transition times < 20 ns 


FN | ert Fm me 


Propagation delays 


I, —= On 5 55 =: 110 
HIGH to LOW 10 25 50 
15 20 40 
5 45 90 
LOW to HIGH 10 20 40 
15 15 30 

Output transition 
times 5 60 120 
HIGH to LOW 10 30 60 
15 20 40 
5 60 120 
LOW to HIGH 10 30 60 
15 20 40 


typical formula for P (uW) 


Dynamic power 600 fj + Z(fyCy) x Vpp2 
dissipation per 2700 f; + Z(fyC__) x Vpp? 
package (P) 8400 fj + T(foCL) x Vpp? 


typical extrapolation 
formula 


23 ns + (0,55 ns/pF) Cy. 
14 ns + (0,23 ns/pF) Cy 
12 ns + (0,16 ns/pF) Cy 


13 ns + (0,55 ns/pF) Cy. 
9ns + (0,23 ns/pF) Cy 
7-ns + (0,16 ns/pF) Cy. 


10 ns + (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 


10 ns + (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy. 


6 ns + (0,28 ns/pF) Cy | 


where 
f = input freq. (MHz) 
fo = output freq. (MHz) 


C, = load capacitance (pF) 


X(foC;) = sum of outputs 
Vpp =supply voltage (V) 


May 1983 


HEF 4075B 


gates 


-~ 
Ss 


TRIPLE 3-INPUT OR GATE 


The HEF4075B provides the positive triple 3-inout OR function. The outputs are fully buffered for 
highest noise immunity and pattern insensitivity of output impedance. 


HEF4075B 


12 13 01 Vss 


7273699 


Fig.2 Pinning diagram. 


sa HEF4075BP : 14-lead DIL; plastic (SOT-27K, M, T). 
Fig.1 Functional diagram. HEF4075BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
HEF4075BT : 14-lead mini-pack; plastic 


4 (SO-14; SOT-108A). 
Fe Deo 


7275417 


Fig.3 Logic diagram (one gate). 


FAMILY DATA 
see Family Specifications 


Ipp LIMITS category GATES 
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HEF4075B 


gates 


A.C. CHARACTERISTICS 


“DD symbol | typ. max. 


Propagation delays 5 65 130 ns 
HIGH to LOW 15 20 40 ons 
5 65 130 ns 
LOW to HIGH 10 tPLH 30 60 ns 
15 25 50 ns 
Output transition 

times 5 60 120 ns 
HIGH to LOW 10 tTHL 30 60 ns 
15 0 40 ns 
5 60 120 ns 

LOW to HIGH 


typical formula for P (uW) 


easement banca eetninentens, pth nttemnnenainitieninayannstttan uinanteteenne tN mrgee mtn tpn nn tne cnintnters ness Aenean 


Dynamic power 
dissipation per 
package (P) 


pe min ant AEN ng hg atresia sg AR ge Mts SAT 


750 f; + Z(fgC.) x Vpp? 
3 600 f; + E(foC) x Vpp2 
11 200 fj + E(foC,) x Vpp? 
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typical extrapolation 
formula 


38 ns + (0,55 ns/pF) Cy 
19 ns + (0,23 ns/pF) Cy. 
12 ns + (0,16 ns/pF) Cy 


38 ns + (0,55 ns/pF) Cy. 
19 ns + (0,23 ns/pF) Cy 
17 ns + (0,16 ns/pF) Cy. 


10ns+ (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy. 
6 ns + (0,28 ns/pF) Cy 
10 ns + (1,0 ns/pF) Cy 
Qns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 


where 

f;= input freq. (MHz) 
fg = output freq. (MHz) 
C, = load capacitance (pF) 
2(fgCy) = sum of outputs 
Vpp = supply voltage (V) 


HEF4076B 
MSI 


-~ 
QUADRUPLE D-TYPE REGISTER WITH 3-STATE OUTPUTS tie 


The HEF4076B is a quadruple edge-triggered D-type flip-flop with four data inputs (Dg to D3), two 
active LOW data enable inputs (EDg and ED 1), acommon clock input (CP), four 3-state outputs (Og 
to 03), two active LOW output enable inputs (EOg and EO1), and an overriding asynchronous master 
reset inout (MR). 


Information on Dg to D3 is stored in the four flip-flops on the LOW to HIGH transition of CP if both 
EDg and ED are LOW. A HIGH on either EDg or ED, prevents the flip-flops from changing on the 
LOW to HIGH transition of CP, independent of the information on Dg to D3. When both EOg ar and 
EO, are LOW, the contents of the four flip-flops are available at Og to 03. A HIGH on either EOg or 
EO, forces Og to 03 into the high impedance OFF-state. A HIGH on MR resets all four flip-flops, 
independent of all other input conditions. 


Vpp MR Dp Dy Dg D3 ED, ED 


HEF4076B 


EQ, EO, Og 01, O79 03 CP Vee 


7Z72868.2 
Fig. 2 Pinning diagram. 


HEF4076BP : 16-iead DIL; plastic (SOT-38Z). 
HEF4076BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4076BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


PINNING 

Do to D2 data inputs 

EDo, ED, data enable inputs (active LOW) 
EOo, EO, output enable inputs (active LOW) 


Fig. 1 Functional didoram. CP clock input (LOW to HIGH, edge-triggered) 


MR master reset input 
Oo to 03 data outputs 
FAMILY DATA | 


see Family Specifications 


IpDp LIMITS category MSI J 


@ Products approved to CECC 90 104-051. May 1983 389 


-- HEF4076B 
MSE | 


Quadruple D-type register with 3-state outputs HEF4076B 
MSI 


FUNCTION TABLE 
outputs EO = EO; = LOW 


When either EOg or EO, is HIGH, the 
outputs are disabled (high impedance 


OFF-state). 
no change H = HIGH state (the more positive voltage) 
no change | = LOW state (the less positive voltage) 
H X = state is immaterial 
L J = positive-going transition 
no change \. = negative-going transition 


A.C. CHARACTERISTICS 
Vss = OV; ec aria 25 °C; C; = 50 pF; input transition times < 20 ns; see also waveforms Fig. 4 


Bee ae ee 
CP —» 0, 
HIGH i. LOW 
LOW to HIGH 
MR —* 0, 
HIGH ie: LOW 


Output transition 


typical extrapolation 
formula 


123 ns + (0,55 ns/pF) Cy 
49 ns + (0,23 ns/pF) Cy 
37 ns + (0,16 ns/pF) Cy. 

133 ns + (0,55 ns/pF) Cy. 

— 54ns + (0,23 ns/pF) Cy 
37 ns + (0,16 ns/pF) Cy. 
68 ns + (0,55 ns/pF) Cy. 
29 ns + (0,23 ns/pF) Cy. 
22 ns + (0,16 ns/pF) Cy 


10 ns + (1,0 ns/pF) Cy 


times 9 ns + (0,42 ns/pF) Cy. 
6 ns + (0,28 ns/pF) Cy 

10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 9 ns + (0,42 ns/pF) Cy 


6 ns + (0,28 ns/pF) Cy 


3-state propagation 
delays 
Output disable times 
HIGH 


LOW 


Output enable times 
EOn —*> On 


HIGH to LOW 
HIGH 


LOW 
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HEF40/76B 
MSI 


A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 OC; Cy, = 50 pF; input transition times < 20 ns 


VppD typical extrapolation 


V symbol |min. typ. max. anna 
Set-up times 10 -15 ~ ns 
Dy —> CP tsy 0 —10 ns 
0 —5 ns 
QO -—50 ns 
QO —15 ns 
Hold times 55 30 ns 
Dy —* CP thold 20 10 ns 
| 15 10 ns 
25 —25 ns 
EDy —e CP thold 10 —10 ns 
5 =o ns see also waveforms 
Minimum clock 120 60 ns Fig. 4 
pulse width; LOW twecPL 45 20 ns 
30 15 ns 
Minimum MR pulse 55 25 ns 
width; HIGH twuMRH | 30 15 ns 
20 10 ns 
Recovery time 90 45 ns 
for MR tRMR 35 15 ns 
20 10 ns 
Maximum clock 4 8 MHz 
pulse frequency tmax 11 22 MHz 
aa 16 32 MHz 
VDD where 
V typical formula for P (uW) f; = input freq. (MHz) 
fo = output freq. (MHz) 
Dynamic power 5 2200 f, + LifgCL) x Vpp’ C,_ = load capacitance (pF) 
dissipation per 10 9300 fj + D(foCL) x Vpp’ X(fgCi_) = sum of outputs 
package (P) 15 24 500 f; + L(foCL) x Vpp’ Vpp = supply voltage (V) 
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CP INPUT 


Dy INPUT 50% 


ED, INPUT 
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EO, INPUT 


50% 
a we 


O,, OUTPUT 


—| | < FP | |j«- -—CUcCcllCl fr ||hCUint —| |< —e |, |< —; |< —_e | |~<-— 


7272864.3 tPHL tpLH tpHL tpLz tpZL tpuz tpZ7H 


Fig. 4 Waveforms showing propagation delays, output disable/enable times, minimum CP and MR pulse widths, set-up and hold times for 
Dr to CP and ED, to CP, and recovery time for MR. Set-up and hold times are shown as positive values but may be specified as negative 
values. 
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HEF 4077B 


gates 


-~ 
a 


i 


QUADRUPLE EXCLUSIVE-NOR GATE 


The HEF4077B provides the exclusive-NOR function. The outputs are fully buffered for best perform- 
ance. 


Vop Bu Ag 0, O03 B3 A3 


-HEF4O77B 
O27 Az Bo Vss 


7273901.1 


Fig. 2 Pinning diagram. 


———J HEF4077BP : 14-lead DIL; plastic (SOT-27K, M, T). 
ay HEF4077BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 


HEF4077BT : 14-lead mini-pack; plastic 
Fig. 1 Functional diagram. (SO-14: SOT-108A). 
A TRUTH TABLE 
0; 


By 
7Z74553.1 
Fig. 3 Logic diagram (one gate). 
H = HIGH state (the more 
positive voltage) 
L = LOW state (the less 
positive voltage) 
FAMILY DATA 


see Family Specifications 


Ipp LIMITS category GATES 
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HEF4077B 


gates 


A.C. CHARACTERISTICS | 
Vss = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


Propagation delays 
An, Bh —— > On 
HIGH to LOW 


48 ns + (0,55 ns/pF) Cy 
24 ns + (0,23 ns/pF) Cy. 
22 ns + (0,16 ns/pF) Cy 
43 ns + (0,55 ns/pF) Cy. 
19 ns + (0,23 ns/pF) Cy 
17 ns + (0,16 ns/pF) Cy 


LOW to HIGH 


Output transition 
times 
HIGH to LOW 


10 ns+ (1,6 ns/pF) Cy | 
9 ns + (0,42 ns/pF) Cy. 
6 ns + (0,28 ns/pF) Cy. 
10 ns+ (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy | 


LOW to HIGH 


LOL ance Rang dr ere er ne teen 


where 
f; = input freq. (MHz) 
ry, : Pee rn ee re eer eee fy = output freq. (MHz) 
Dynamic power 850 f+ Z(foCL) x Vpp? C,_ = load capacitance (pF) 
dissipation per 4500 fj + Z(foCL) x Vpp*? | Zlf>C) = sum of outputs 
package (P) 14 700 f) + Z(fo5C,) x Vpp* | Vpp = supply voltage (V) 


i a rr acer Rename A mem 
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HEF 4078B 


gates 


-~ 
8-INPUT NOR GATE Ge 


The HEF4078B provides the positive 8-input NOR function. The outputs are fully buffered for 
highest noise immunity and pattern insensitivity of output impedance. 


726950911 


Fig. 2 Pinning diagram. 


7Z269553.1 


Fig. 1 Functional diagram. HEF4O78BP : 14-lead DIL: plastic (SOT-27K, M, T). 


HEF4078BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
HEF4078BT : 14-lead mini-pack; plastic 
(SO-14; SOT-108A). 


lo 


—= 
@ 


NO 


5 
8 


Oo) 


ER 
y 
’ 
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~N 


Fig. 3 Logic diagram. 


FAMILY DATA 
see Family Specifications 


Ipp LIMITS category GATES 
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HEF4078B 


gates 


A.C. CHARACTERISTICS | 
Vss = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times < 20 ns — 


typical extrapolation 
formula 


symbol 


Propagation delays 


In —» On 5 80 160  ~ns 53 ns + (0,55 ns/pF) Cy 
HIGH to LOW | 10 tPHL 35 70 ns 24 ns + (0,23 ns/pF) Cy 
15 25 50 Sos ns 17 ns + (0,16 ns/pF) Cy 
| 5 80 160 = os 53 ns + (0,55 ns/pF) Cy 
LOW to HIGH | 10 tPLH 35 70 sons 24 ns + (0,23 ns/pF) Cy 
15 25 50 Ss ns 17 ns + (0,16 ns/pF) Cy 
Output transition 

times 8 | 60 120 = ns 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 10. tTHL 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ons 6 ns + (0,28 ns/pF) Cy 

5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH | 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ~=ns 6 ns + (0,28 ns/pF) Cy 


where | 
| f; = input freq. (MHz) 
vein cake Giana , se er eras Sees fy = output freq. (MHz) 
Dynamic power 750 fj + Z(foCy) x Vpp? C, =load capacitance (pF) 
dissipation per 2800 f, + Z(foCL) x Vpp? X(foC_) = sum of outputs 
package (P) 7500 f; + Z(foCL) x Vpp’ Vpp = supply voltage (V) 


ste tr te no in ce NY Ne pe ne nen 
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HEF 4081B 


gates 


a 
QUADRUPLE 2-INPUT AND GATE ee 


The HEF4081B provides the positive quadruple 2-input AND function. The outputs are fully buffered 
for highest noise immunity and pattern insensitivity of output impedance. 


I, O,, 03 


HEF4081B 


7269510 
Fig.2 Pinning diagram. 
HEF4081BP : 14-lead DIL; plastic (SOT-27K, M, T). 
7269569 HEF4081BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 


HEF4081BT : 14-lead mini-pack; plastic 
(SO-14; SOT-108A). 


Fig.1 Functional diagram. 


7Z74498.1 


Fig.3 Logic diagram (one gate). 


FAMILY DATA 
see Family Specifications 


Ipp LIMITS category GATES 
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HEF 4081B 


gates 


A.C. CHARACTERISTICS 
Ves = 0 V; Tamb = 25 °C; Cy = 50 pF; input transition times < 20 ns 


typical extrapolation 
. | | 
Propagation delays 


—> 0, 28 ns + (0,55 ns/pF) Cy 
HIGH to LOW 14 ns + (0,23 ns/pF) Cy 
12 ns + (0,16 ns/pF) Cy 


18 ns + (0,55 ns/pF) Cy 


LOW to HIGH 9ns + (0,23 ns/pF) Cy 
7 ns + (0,16 ns/pF) Cy 


In 


Output transition 
times 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 


10 ns+ (1,0 ns/pF) Cy 
LOW to HIGH 9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy_ 


where 
f; = input freq. (MHz) 
fy = output freq. (MHz) 
Dynamic power 450 f, + D(foC_) x Vpp? C,_ = load capacitance (pF) 
dissipation per 2900 f; + D(foC,) x Vpp’ L(fgC1_) = sum of outputs 
package (P) | 11 700 f; + Z(fgCy) x Vpp” V pp = supply voltage (V) 
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HEF4082B 


gates 


-~ 
DUAL 4-INPUT AND GATE ee 


The HEF4082B provides the positive dual 4-input AND function. The outputs are fully buffered for 
highest noise immunity and pattern insensitivity of output impedance. 


7269511 


Fig. 2 Pinning diagram. 


HEF4082BP : 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4082BD: 14-lead DIL: ceramic (cerdip) (SOT-73). 
HEF4082BT : 14-lead mini-pack; plastic 


7269570 


Fig. 1 Functional diagram. (SO-14: SOT-108A} 
ly -> 
I +> 
O— 0; 
13 > 
l4 -> 
7274504 


Fig. 3 Logic diagram (one gate). 


FAMILY DATA 
see Family Specifications 
Ipp LIMITS category GATES 
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HEF4082B 


gates 


A.C. CHARACTERISTICS 
Vos = 0 V; Tamb = 25 °C; CL ='50 pF; input transition times < 20 ns 


V typical extrapolation 
a ee 


38 ns + (0,55 ns/pF) CL 
19 ns + (0,23 ns/pF) Cy 
17 ns + (0,16 ns/pF) Cy 


Propagation delays 


tPHL;tPLH 


Output transition 
times 
HIGH to LOW 


10 ns + (1,0 ns/pF) Cy 
9ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy. 

10 ns + (1,0 ns/pF) Cy 
9ns + (0,42 ns/pF) Cy 

6 ns + (0,28 ns/pF) Cy 


LOW to HIGH 


where 
f; = input freq. (MHz) 
fy = output freq. (MHz) 


Dynamic power 1500 fj + Z(foCi) x Vp, C,_ = load capacitance (pF) 
dissipation per 6700 f + Z(foCL) x VDD, | X(foC_) =sum of outputs 
package (P) 16 800 f 3 eee xVpp° Vpp = supply voltage (V) 
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HEF 4085B 


gates 


-~ 
DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATE Se 


The HEF4085B is a dual 2 wide 2-input AND-OR-invert gate, each with an additional input (Aq or Bg) 
which can be used as either an expander input or an inhibit input. A HIGH on Ag or Bq forces the 
output (Oa or Op) LOW independent of the other inputs (Ag to A3 or Bg to B3). The outputs On 
and Op are fully buffered for highest noise immunity and pattern insensitivity of output. impedance. 


iLO] 


B, A, Bz B>| 


HEF4085B 
Ao Ar On Os Bo Bi Vos] 


72742584 


Fig. 2 Pinning diagram. 


HEF4085BP : 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4085BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
HEF4085BT : 14-lead mini-pack; plastic 

Fig. 1 Functional diagram. ‘a8 (SO-14; SOT-108A). 


7274257.1 


Oo— 9a LOGIC FUNCTION 


| 7 Op = Bg: By + B2°B3 + Bg 
Ag Do. 7275425.1 


Fig. 3 Logic diagram (one gate). 


FAMILY DATA 


| | see Family Specifications 
Ipp LIMITS category GATES 
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HEF 4085B 


gates 


A.C. CHARACTERISTICS 


Vss = OV; Tamb = = 25 °C; C, = 50 aie input transition times < 


fi Sa 
typ. max 

Propagation delays 
HIGH to LOW 60 
40 
135 
LOW to HIGH 55 
40 

Output transition 

times 120 
HIGH to LOW | 60 
40 
120 
LOW to HIGH 60 


Dynamic power 
dissipation per 
package (P) 


750 f} + Z(foCy) x Vpp? 
3200 f} + Z(fo9Cy) kX Vp p2 
9200 f, aon orl) x DO? 


October 1980 


= 20 ns 
ee 


nee 


“eypical earanelinn 
formula 


48 ns + (0,55 ns/pF) C 
19 ns + (0,23 ns/pF) Cy 
12 ns + (0,16 ns/pF) Cy 


38 ns + (0,55 ns/pF) Cy, 
19 ns + (0,23 ns/pF) Cy 
12 ns + (0,16 ns/pF) Cy 


10ns+ (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 
10 ns + (1,0 ns/pF) Cy: 
9ns + (0,42 ns/pF) Cy 
6 ns + (0, 28 nee? Cy 


f; = input freq. (MHz) 

fy = output freq. (MHz) 
C,_ = load capacitance (pF) 
X(foCy) = sum of outputs 
NODE = Supe voltage (V) 


HEF 40868 


gates 


-~ 
4-WIDE 2-INPUT AND-OR-INVERT GATE Gs 


The HEF4086B is a 4-wide 2-input AND-OR-invert (AOI) gate with two additional inputs (Ig and Ig) 
which can be used as either expander or inhibit inputs by connecting them to any standard LOCMOS 
output. A HIGH on Ig or a LOW on lg forces the output (O) LOW independent of the other eight 
inputs (lg to 17). The output (O) is fully buffered for highest noise immunity and pattern insensitivity 
of output impedance. 


7273701.1 


Fig. 2 Pinning diagram. 


HEF4086BP : 14-lead DIL; plastic (SOT-27K, M, T). 

HEF4086BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
iad HEF4086BT: 14-lead mini-pack; plastic 

7273702.1 —(SO-14; SOT-108A). 


Fig. 1 Functional diagram. 


PINNING 

Ig tolg gate inputs 

lg gate input (active LOW) 
O output (active LOW) 


FAMILY DATA 
see Family Specifications 
Ipp LIMITS category GATES 
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HEF 4086B 


gates 


Fig. 3 Logic diagram. 


LOGIC EQUATION 


O=lIo'ly tla Igt+la-l5+lg-l7 +18 + Ig 
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| >o— 0 


7274597 


4-wide 2-input AND-OR- invert gate HEF 4086B 
gates 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


Propagation delays 


Ig tol7 —»O 90 180 ns 63 ns + (0,55 ns/pF) Cy 
HIGH to LOW 30 65 ons 19 ns + (0,23 ns/pF) Cy 
20 40 ns 12 ns + (0,16 ns/pF) Cy. 
80 155 ns 53 ns + (0,55 ns/pF) Cy 
LOW to HIGH 30 60 ns 19 ns + (0,23 ns/pF) Cy 
20 40 ns 12 ns + (0,16 ns/pF) Cy 
lg —» O 70 140 ns 43 ns + (0,55 ns/pF) Cy. 
HIGH to LOW 25 55 ns 14 ns + (0,23 ns/pF) Cy 
20 40 os 12 ns + (0,16 ns/pF) Cy. 
55 115 ns 28 ns + (0,55 ns/pF) Cy 
LOW to HIGH 20 40 ns 9ns + (0,23 ns/pF) Cy 
15 25 ns 7 ns + (0,16 ns/pF) Cy. 
lg — > O 55 105 ~~ ns 28 ns + (0,55 ns/pF) Cy 
HIGH to LOW 20 45 ons 9 ns + (0,23 ns/pF) Cy 
15 30 ns 7 ns + (0,16 ns/pF) Cy. 
45 90 ns 18 ns + (0,55 ns/pF) Cy 
LOW to HIGH 15 35 ns 4 ns + (0,23 ns/pF) Cy 
10 25 ~=ons 2 ns + (0,16 ns/pF) Cy 
Output transition 

times 60 120 ns 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 30 60 ons 9ns + (0,42 ns/pF) Cy 
20 40 ns 6 ns + (0,28 ns/pF) Cy 

60 120 ns 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 30 60 ns 9 ns + (0,42 ns/pF) Cy 
20 40 ns 6 ns + (0,28 ns/pF) Cy 


where 
f; = input freq. (MHz) 
fy = output freq. (MHz) 


typical formula for P (uW) 


Dynamic power 525 fi + Z(foC_) x Vpp’ Cy = load capacitance (pF) 
dissipation per 2600 fj + L(foC_) x Vpp’ L(foC _) = sum of outputs 
package (P) 7300 fj + Z(foCL) x Vpp’ Vpp = supply voltage (V) 
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HEF 4086B 


gates 


APPLICATION INFORMATION 


Figure 4 shows two HEF4086B ICs connected to obtain an 8-wide 2-input AOI function. 

The output (O ,) of the first IC is fed directly into the lop gate input of the second IC. Similarly, 
any NAND gate output can be fed directly into the Tg gate input to obtain a 5-wide AOI function. 
In addition, any AND gate output can be fed directly into the lg gate input with the same result. 


lop 
loB 
I3B 


l4B 
l6B 
IgB 


I 
9B 7285104 


Fig. 4 Two HEF4086B ICs connected as an 8-wide 2-input AOI gate. 


Logic equation for Fig. 4: 


Op = Ioan At laa: Iga + 4a: l5aA+ loa? I7A + lop 1B + lap ° l3B + 4B ° 5B + eB '7B 
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HEF 4093B 


gates 


QUADRUPLE 2-INPUT NAND SCHMITT TRIGGER 


in 


The HEF4093B consists of four Schmitt-trigger circuits. Each circuit functions as a two-input NAND 
gate with Schmitt-trigger action on both inputs. The gate switches at different points for positive and 
negative-going signals. The difference between the positive voltage (Vp) and the negative voltage 
(Vp) is defined as hysteresis voltage (V4). 


7273703 


Fig. 2 Pinning diagram. 


HEF4093BP : 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4093BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
HEF4093BT : 14-lead mini-pack; plastic 

(SO-14; SOT-108A). 


7Z274554.1 


7273704,2 


Fig. 1 Functional diagram. Fig. 3 Logic diagram (one gate). 


FAMILY DATA | 


| ~ see Family Specifications 
lpp LIMITS category GATES J 
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HEF 4093B 


gates 


D.C. CHARACTERISTICS 
Vss =O V; Tamb = 25 OC 


“DD symbol min. typ. max. 

Hysteresis 0,4 Q,7 i V 
voltage VH 0,6 1,0 = V 
0,7 1,3 = V 

Switching levels 1,9 2,9 3,5 V 
positive-going Vp 3,6 5,2 7 V 
input voltage 4,7 7,3 11 V 
negative-going 1,5 2,2 3,1 V 
input voltage VN 3 4,2 6,4 V 

4 6,0 10,3 V 


Vo 


vi 


ae be 


Vn Vp 7Z69995.2 


Fig. 4 Transfer characteristic. 


7284130.1 


Fig. 5 Waveforms showing definition of Vp, Vjy and Vy; where Vy and Vp are between limits of 
30% and 70%. 
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HEF 4093B 


gates 


Quadruple 2-input NAND Schmitt trigger 


A.C. CHARACTERISTICS 
Vss = OV; Tamb = 25 °C; C, = 50 pF; input transition times < 20 ns 


| t lati 
DD eyribol typical extrapolation 
formula 


Propagation delays 63 ns + (0,55 ns/pF) Cy. 


In — > O 29 ns + (0,23 ns/pF) Cy 
HIGH to LOW 22 ns + (0,16 ns/pF) Cy 
58 ns + (0,55 ns/pF) Cy 

LOW to HIGH 29 ns + (0,23 ns/pF) Cy 


22 ns + (0,16 ns/pF) Cy 
Output transition 


times 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 

10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 9 ns + (0,42 ns/pF) Cy 


6 ns + (0,28 ns/pF) Cy 


where 
f; = input freq. (MHz) 

fo = output freq. (MHz) 
C,_ = load capacitance (pF) 
X(f>C,_) = sum of outputs 
Vpp = supply voltage (V) 


Dynamic power 
dissipation per 
package (P) 


1300 fj + Z(fgCL) x Vpp’ 
6400 fj) + (fC; ) x VoD’ 
18 700 fj + Z(foCy) x Vpp 
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HEF4093B 
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‘Fig. 6 Typical drain current as a function of Fig. 7 Typical drain current as a function of 
input voltage; Vpp = 5 V; Tamb = 25 OC. input voltage; Vpp = 10 V; Tampb = 25 OC. 


_ 7284135 


Fig. 8 Typical drain current as a function of 
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HEF 4093B 


gates 


Quadruple 2-input NAND Schmitt trigger 


7284136.1 


Fig. 9 Typical switching levels as a function of supply voltage Vpp; Tamb = 25 OC. 
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HEF 4093B 


gates 


APPLICATION INFORMATION 
some examples of applications for the HEF4093B are: 


@ Wave and pulse shapers 
@ Astable multivibrators 
® Monostable multivibrators. 


. as 7284132.1 


Fig. 10 The HEF4093B used as a astable multivibrator. 


Cy 
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' 
! 


=-C 
aa 7Z84131.1 


Fig. 11 Schmitt trigger driven via a high impedance (R > 1 kQ). 


If a Schmitt trigger is driven via a high impedance (R > 1 kQ) then it is necessary to incorporate a _ 
C _Vpp-Vss re 
capacitor C of such value that: — eae otherwise oscillation can occur on the edges of a pulse. 
p H 


Cp | is the external parasitic capacitance between inputs and output; the value depends on the circuit: | 


board layout. 


Note 


The two inputs may be connected together, but this will result in a larger through. -current at the 
moment of switching. 
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HEF 4094B 
MSI 


-~ 
8-STAGE SHIFT-AND-STORE BUS REGISTER | 


The HEF4094B is an 8-stage serial shift register having a storage latch associated with each stage for 
strobing data from the serial input to parallel buffered 3-state outputs Og to O7. The parallel outputs 
may be connected directly to common bus lines. Data is shifted on positive-going clock transitions. 
The data in each shift regjster stage is transferred to the storage register when the strobe (STR) input is 
HIGH. Data in the storage register appears at the outputs whenever the output enable (EQ) signal is 
HIGH. 


Two serial outputs (Og and Og) are available for cascading a number of HEF4094B devices. Data is 
available at O. on positive-going clock edges to allow high-speed operation in cascaded systems in which 
the clock rise time is fast. The same serial information is available at Og on the next negative-going 
clock edge and provides cascading HEF4094B devices when the clock rise time is slow. 


8-STAGE SHIFT 
REGISTER 


8-BIT STORAGE 
REGISTER 


7Z274613.1 


Fig. 2 Pinning diagram. 


HEF4094BP : 16-lead DIL; plastic (SOT-382Z). 
HEF4094BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4094BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


Fig. 1 Functional diagram. ee ae 
PINNING 

D data input EO output enable input 
CP clock input Oc, Og _ serial outputs 

STR strobe input Og to O7 parallel outputs 
FAMILY DATA 


| see Family Specifications 
Ipp LIMITS category MSI 
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Fig. 3a Logic diagram. 


CP 
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Fig. 3b One D-latch. 
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8-stage shift-and-store bus register HEF4094B 
MSI 


FUNCTION TABLE 


inputs parallel outputs serial outputs 


H =HIGH state (the more positive voltage) 
| = LOW state (the less positive voltage) 

X state is immaterial 

J = positive-going transition 
Be 

Z 


= negative-going transition 
= high impedance off state 
nc =nochange 
Og =the information in the seventh shift register stage 


At the positive clock edge the information in the 7th register stage is transferred to the 8th register 
stage and the O, output. 


A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 OC; input transition times < 20 ns 


VDD where 
typical formula for P (uW) f; = input freq. (MHz! 


fy = output freq. (MHz) 


Dynamic power 5 2100 fj + L(fgCL) x Vpp” C,_ = load capacitance (pF) 
dissipation per 10 9700 f; + L(ifoCy) x Vpp’ X(f_C__) =sum of outputs 
package (P) 15 26 000 f; + Z(foCL) x Vpp’ Vpp = supply voltage (V) 
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HEF4094B 
Ms! 


A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 


“DD Syinbol: Sip: aor, | ne eens 
s _| | _ is ormula 
Propagation delays 
CP —» 0, 5 135 270 os 108 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 tPHL 65 130 os 54 ns + (0,23 ns/pF) Cy 
| 15 50 100 ons 42 ns + (0,16 ns/pF) Cy. 
J) 105 210° ns 78 ns + (0,55 ns/pF) Cy. 
LOW to HIGH 10 tPpLH 50 100 ns 39 ns + (0,23 ns/pF) Cy 
15 40 80 ~—s ns 32 ns + (0,16 ns/pF) Cy 
CP —» OQ, 5 105 210 ons | 78 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy 50 100° ons 39 ns + (0,23 ns/pF) Cy 
15 40 80 ns 32 ns + (0,16 ns/pF) Cy 
5 105 210 = ons 78 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 tPLH 50 100 ~—s ns 39 ns + (0,23 ns/pF) Cy 
boars 40 80 ns 32 ns + (0,16 ns/pF) Cy 
CP —» 0, 5 165 330 ns 138 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 tPpHL 75 150 ~~ ns 64 ns + (0,23 ns/pF) Cy. 
15 55 110 ~~ ns 47 ns + (0,16 ns/pF) Cy 
5 150 300 ns 123 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 tPpLH 70 140 ns 59 ns + (0,23 ns/pF) Cy. 
15 55 110 ns 47 ns + (0,16 ns/pF) Cy, 
STR —* On 5 110 220 ns 83 ns + (0,55 ns/pF) Cy. 
HIGH to LOW 10 tPpHL 50 100 ns 39 ns + (0,23 ns/pF) Cy 
15 35 70 ns 27 ns + (0,16 ns/pF) Cy. 
5 100 200 ons 73 ns + (0,55 ns/pF) Cy 
LOW to HIGH : 45 90 ns 34 ns + (0,23 ns/pF) Cy 
35 70 ns 27 ns + (0,16 ns/pF) Cy 
Output transition 

times 60 120 os 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 30 60  ~=ns 9ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 

10 ns + (1,0 ns/pF) Cy. 


LOW to HIGH 


( 

( 
9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 
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8-stage shift-and-store bus register HEF 4094B 
MSI 


A.C. CHARACTERISTICS 
Vss =9 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


VDD 
V 


3-state propagation 


delays 

Output enable times 5 40 80 ns 

EO —* On, 10 25 50 ns 

HIGH 15 20 40 ns 

5 40 80 ns 

LOW 10 25 50 ns 

15 20 40 ns 

Output disable times 5 75 150 ns 

EO —» 0, 10 40 80 ns 

HIGH 15 30 60 ns 

5 80 160 ns 

LOW 10 40 80 ns 

15 30 60 ns 

Minimum clock 5 30 ns 
pulse width 10 15 ns ~ 

LOW 15 12 ns 

Minimum strobe 5 20 ns 

pulse width 10 15 ns 

HIGH 15 12 ns 

Set-up times © 5 30 ns 

D —® CP 10 10 ns 

15 5 ns 

Hold times 5 —15 ns 

Do == CP 10 5 ns 

15 5 ns 

Maximum clock 5 10 MHz 

pulse frequency 10 22 MHz 

15 28 MHz 
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HEF4094B 
MSI 


CLOCK INPUT 


DATA INPUT = Ae ica rere en Oe a ; ic : 
OUTPUT ENABLE INPUT AL ie | ~ 
INTERNAL Og (FF 1) . 

; . : | | el | | | 
OUTPUT Oo 
INTERNAL Og (FF 7) | | 


OUTPUT Og 


SERIAL OUTPUT O, 


SERIAL OUTPUT 0,’ 


72Z274637.2 


Fig. 4 Timing diagram. 
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8-stage shift-and-store bus register HEF 4094B 


MS! 
APPLICATION INFORMATION 
Some examples of applications for the HEF4094B are: 
® Serial-to-parallel data conversion 
@® Remote control holding register 
DIGITALLY CONTROLLED DIGITALLY CONTROLLED DIGITALLY CONTROLLED 
EQUIPMENT — EQUIPMENT EQUIPMENT 


(REQUIRES CONTINUOUS 
DIGITAL CONTROL) 


0 Og O7 


O07 
Os’ HEF 4094B 
CP 


HEF 4094B ; D HEF 4094B m 


earner remnants as ant st crt SA Pm amt 7285108 


CONTROL 
AND 
SYNC 
CIRCUITRY 


data clock 
‘rate ne gy at 

from remote 

control panel 


Fig. 5 Remote control holding register. 


October 1980 


421 


HEF 4104B 
MSI 


QUADRUPLE LOW TO HIGH VOLTAGE TRANSLATOR gam 
WITH 3-STATE OUTPUTS Ss 


The HEF4104B quadruple low voltage to high voltage translator with 3-state outputs provides the 
capability of interfacing low voltage circuits to high voltage circuits, such as low voltage LOCMOS and 
TTL to high voltage LOCMOS. It has four data inputs (Ig to 13), an active HIGH output enable input 
(EO), four data outputs (Og to 03) and their complements (Og to 03). 


With EO HIGH, Og to O3 and Oo to 03 are in the low impedance ON-state, either HIGH or LOW as 
determined by Ig to 13; with EO LOW, Og to 03 and Og to Og are in the high impedance OF F-state. 


The device uses a common negative supply (Vss) and separate positive supplies for inputs (Vppy)) and 
outputs (Vppo). Vpp| must always be less than or equal to Vppo, even during power turn-on and 
turn-off. For the permissible operating range of Vpp, and Vppo see graph Fig. 4. 


Each input protection circuit is terminated between Vppo and Vsg. This allows the input signals to 
be driven from any potential between Vppg and Vss, without regard to current limiting. When 
driving from potentials greater than Vppo or less than Vg, the current at each input must be limited 
to 10 mA. 


7273709.1 


Fig. 2 Pinning diagram. 


HEF4104BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4104BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4104BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


LEVEL | 10 
CONVERTER 
PINNING 
Ig to Ig data inputs 
EO output enable input 
12 Og to O03 ~~ data outputs 


Oo to 03 complementary data outputs 


Fig. 1 Functional diagram. 


FAMILY DATA 


{ see Family Specifications 


ore IDp LIMITS category MSI 
7274574.1 
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HEF 4104B 
MSI 


level 
converter 


level 
converter 


level 
converter 


level 
converter 


level 
converter 


Vppi Vppo 7Z73712.2 


Fig. 3 Logic diagram. 
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Quadruple low to high voltage translator with 3-state outputs HEF 4104B 
MSI 


A.C. CHARACTERISTICS 


Vss = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 


VpD typical extrapolation 
| typ. ; 


Propagation delays 


ly —® On, On 5 170 340 ns 143 ns + (0,55 ns/pF) Cy 
HIGH to LOW | 10 tPHL 80 160 ns 69 ns + (0,23 ns/pF) Cy. 
15 65 135 ns 57 ns + (0,16 ns/pF) Cy 
5 170 340° ons 143 ns + (0,55 ns/pF) Cy 
LOW to HIGH | 10 tPLH 80 160 ns 69 ns + (0,23 ns/pF) Cy 
15 70 140 ns 62 ns + (0,16 ns/pF) Cy. 
Output transition 
times 5 60 120 ns 10 ns+ (1,0 ns/pF) Cy 
HIGH to LOW | 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) Cy. 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy 
5 60 120 ons 10ns+ (1,0 ns/pF) Cy 
LOW to HIGH | 10 tTLH 30 60  ~=ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy 
3-state propagation 
delays 
Output disable times 
HIGH 10 tpy7 55 110 ns 
15 60 120 os 
5 70 135 ons 
LOW 10 tpLZ 55 105 ns 
15 55 110 ~=ns 
Output enable times 
EO —® 0n,, On 5 195 395 ons 
HIGH 10 tp7H 95 195 ns 
15 80 165 os 
5 195 395 ns 
LOW 10 tp7 95 190 ~—ons 
15 80 160 = ons 


Vpp where | 
V f; = input freq. (MHz) | 
ere ees ee fo = output freq. (MHz) 
Dynamic power 5 3000 fj + L(fgCL) x Vpp’ C, = load capacitance (pF) 


dissipation per 
package (P) 


X(fgC_) = sum of outputs 
Vpp = supply voltage (V) 


10 12 200 f; + Z(foC) x Vpp’ 
15 31000 f; + Z(foC,) x Vpp? 
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Fig. 4 Vppo asa function of Vpp); the shaded area shows the permissible operating range. 
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HEF 4502B 
buffers 


-_ 
STROBED HEX INVERTER/BUFFER a 


The HEF4502B consists of six inverter/buffers with 3-state outputs. When the output enable input 
(EO) is HIGH all six outputs (O41 to Og) are in the high impedance OF F-state. When the enable input (E) 
is HIGH all six outputs are switched to LOW. The outputs have a 2-TTL load drive capability. 


7275366.2 


Fig. 2 Pinning diagram. 


HEF4502BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4502BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4502BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


PINNING 

D; to Dg data inputs 

E enable input 

EO output enable input 
O01 to Og 3-state outputs 


TRUTH TABLE 


 7275372.2 
inputs 


Fig. 1 Functional diagram. | Dale [EO] On | 
n 


nn He 


' 6x 


eee H = HIGH state (the more pos. voltage) 
L = LOW state (the less pos. voltage) 
X = state is immaterial 
Z = high impedance off state 


FAMILY DATA | 


7275373.2 | see 


Ipp LIMITS category BUFFERS 
Fig. 3 Logic diagram. Family Specifications 
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HEF4502B 


buffers 


D.C. CHARACTERISTICS 


Vos = OV 


Output current 
HIGH 


Output current 
HIGH 


Output current 
LOW 


A.C. CHARACTERISTICS 
Vssg =0 V; Tamb = 25 °C; input transition times < 20 ns 


typical formula for P (uW) fi = output freq. (MHz) 


fo = output freq. (MHz) 


b—— -seeteramnie panne wrap sncrarttare VAs Plt ea TA ME RO NEN IERIE cence an een rete EE a ne Er ERE mee aT FOR CCS RE PION A TAPE 


Dynamic power 5 000 fj + X(foCL) x Vpp’ C,_ = load capacitance (pF) 
dissipation per 25 000 fj + X (fC) x Vpp’ 2(fyC_) = sum of outputs 
| _ Package (P) 85 000 fj + Z(foCL) x Vpp’ Vpp = supply voltage (V) 
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Strobed hex inverter/buffer HEF 4502B 
buffers 


A.C. CHARACTERISTICS 


typical extrapolation 
formula 


Propagation delays 


Dn, E -——-® On 5 77 ns + (0,17 ns/pF) Cy 
HIGH to LOW 10 tpHL 40 80 ns 37 ns + (0,06 ns/pF) Cy 
15 35 70 ns 33 ns + (0,04 ns/pF) Cy. 
5 80 160 ns 66 ns + (0,28 ns/pF) Cy 
LOW to HIGH 10 tPpLH 35 70 ns 28 ns + (0,13 ns/pF) Cy 
15 30 60 ns 25 ns + (0,10 ns/pF) Cy 
Output transition 
times 5 25 50 ns 10 ns + (0,30 ns/pF) Cy 
HIGH to LOW 10 tTHL 12 24 ns 7 ns + (0,11 ns/pF) Cy. 
15 8 15 ns 5 ns + (0,07 ns/pF) Cy 
5 30 60 ns 5 ns + (0,50 ns/pF) Cy 
LOW to HIGH 10 tTLH 15 30 ns 3 ns + (0,24 ns/pF) Cy 
| 15 12 24 ns 3 ns + (0,18 ns/pF) Cy 
3-state propagation 
delays 
Output disable times | 
EO: ea 0, 5 60 160 ns 
HIGH 10 tpHz7 55 140 ns 
15 } 55 140 ns 
5 50 100 ns 
LOW 10 {plz 35 70 ns 
15 30 60 ns 
Output enable times | 
EO —®* On, 5 60 120 ns 
HIGH 10 tpZ7H 35 70 ns 
15 30 60 ns 
5 55 110 ns 
LOW 10 tp7. 25 50 ns 
15 20 40 ns 


LAPT ete me NL HA ten ot ae th an AED SNA NA AANA ND Nh SSE 


October 1980 429 


ee 


HEF 4505B 
LSI 


64-BIT, 1-BIT PER WORD RANDOM ACCESS READ/WRITE MEMORY 


-~ 
a 


The HEF4505B is a 64-bit, 1-bit per word, fully decoded and completely static, random access mem- 
ory. The memory is strobed for reading or writing only when the strobe input (ST), chip enable inputs 
(CE 1 and CE) are HIGH simultaneously. The output data is available at the data output (DouT) only 
when the memory is strobed, the read/write input (R/W) is HIGH and after the read access time has 
passed. Note that the three-state output is initially disabled and always goes to the LOW state before 
data is valid. The output is disabled in the high-impedance OFF-state, when the memory is not strobed 
or R/W is LOW. R/W may remain HIGH during a read cycle or LOW during a write cycle. The output 
data has the same polarity as the input data. 


HEF4505BP : 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4505BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 


7Z74627 
Fig. 1 Pinning diagram. 
PINNING FUNCTION TABLE 


Ag to As address inputs 
CE4,CE9 chip enable inputs 


R/W read/write input disabled 
ST strobe input write 
D fags disabled 
IN ata input ie 

DOUT data output 

H = HIGH state (the more positive voltage) 

L = LOW state (the less positive voltage) 

Z = high-impedance OF F-state 
FAMILY DATA 


see Family Specifications 


IDp LIMITS category LSI 
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Fig. 2 Functional diagram. 


64-bit, 1-bit per word random access read/write memory HEF 4505B 
LSI 


A.C. CHARACTERISTICS 
Vsg = OV; Tamb = 25 °C; C__ = 50 pF; input transition times < 20 ns 


symbol | min. typ. max. typical extrapolation 
formula 


Minimum strobe pulse 75 35 ns 
width; LOW ic tsTL 45 22 ns 
15 30 15 ns 
5 350 700 ons 
Read cycle time 10 |tre 250 500 ns 
15 210 420° ons 
5 220 440 os 
Write cycle time 10 | twe 125 250 ons 
15 75 150 ~~ ns 
5 330 660 ns | 303 ns + (0,55 ns/pF) Cy 
Read access time 10 | tacc 135 270 ns | 124 ns + (0,23 ns/pF) Cy 
15 100 200 ns | 92ns + (0,16 ns/pF) Cy 
5 80 40 ns 
Address recovery time | 10 | tar 40 20 ns 
15 25 10 ns 
5 180 90 ns 
Read recovery time 10 |trR 120 60 ns 
15 90 45 ns 
5 75 35 ns 
Write recovery time 10 | twr 45 25 ns 
15 40 20 ns 
_ 3-state propagation 
delays 
5 " 105 210 ns 
Output disable times 10 PHZ, 60 125 ons 
15 | (PLZ 55 «4115 ns 
Set-up times 5 —20 —40 ns 
An —» ST 10 tsyu A —10 —20 ns 
15 —-5  —10 ns 
= 5 —30 —60 ns 
R/W—* ST 10 | tsyuR —15 —30 ns 
15 —5 —10 ns 
5 160 80 ns 
Din —» ST 10 tsuD 75 35 ns 
15 45 20 ns 
= 5 240 3120 ns 
R/W—> ST 10 tsuW 100 50 ns 
15 75 35 ns 
Hold time 5 —20 —40 ns 
Din—®» ST 10 tholdD © 5 —10 ns 
15 10 0 ns 


Sm 


October 1980 433 


HEF4505B 
LSI 


An to A 
0 address stable address 
INPUTS may change 
tcuA j+—— tstTH —— taR Il 
ST INPUT : 
(CE,=CE5 =H) el 
(2) 
sh, 
—————— Be 
R/W INPUT 50% 
I Tsu Rl =) ORR 
=tacc> > 'pHzZ + "PLZ 
D | 
OUT data valid 
OUTPUT 


7274628 


(1) Output in high impedance OF F-state. 
(2) tsTHmin = tRCmax — tSTLmin: 


Fig. 3 Read cycle timing diagram. 
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64-bit, 1-bit per word random access read/write memory : | | HEF 4505B 
a | LSI 


An to A | 
O 5 address 
INPUTS ECS e may change 

tcuA j~+—— tSTH ——», taR | 

ST INPUT ae 

(CE, =CE5=H) : 
(1) 
| tot, — > 
=—_———twc 
R/W INPUT | 50% 
tow] twR le 
Din INPUT data stable 
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(1) tsTHmin = tWwCmax — tSTLmin- 


Fig. 4 Write cycle timing diagram. 
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expand vertically for n-bits 


Fig. 5 256-word by n-bit static read/write memory using HEF4505B ICs. 
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64-bit, 1-bit per word random access read/write memory HEF 4505B 
LSI 
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Figure 5 shows a 256-word by n-bit static RAM system. The outputs of the four HEF4505B circuits 
are tied together to form 256 words by 1-bit. Additional bits are attained by paralleling the inputs 
in groups of four. Memories of larger words can be attained by decoding the most significant bits 

of the address and AND-ing them with the strobe input. 


Fan-in and fan-out of the memory are limited only by speed requirements. The extremely low input 
and output leakage currents keep the output voltage levels from changing significantly as more outputs 
are tied together. With the output levels independent of fan-out, most of the power supply range is 
available as logic swing, regardless of the number of units wired together. As a result, high noise 
immunity is maintained under all conditions. 


The memory system shown in Fig. 5 can be interfaced directly with other ICs of the LOCMOS HE 
family. No external components are required. 


Non-volatile information storage is allowed due to very low power dissipation when the memory is 
powered by a small standby battery. Figure 6 shows an optional standby power supply circuit for 
making a LOCMOS memory ‘non-volatile’. When the usual power fails, a battery is used to sustain 
operation or maintain stored information. While normal power supply voltage is present, the battery 
is trickle-charged through a resistor (R) which sets the charging rate. In Fig. 6 the sustaining voltage 
is Vp, and + V is the ordinary voltage from a power supply. Vpp is connected to the power supply 
pin of the memory. Low-leakage diodes are recommended to conserve battery power. 


+V 


+ 
VB 


a 7284390 


Fig. 6 Standby battery circuit. 
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DUAL 4-BIT LATCH 


HEF 4508B 
MsI 


-~ 
Ge 


The HEF4508B is a dual 4-bit latch, which consists of two identical independent 4-bit latches with 
separate strobe (ST), master reset (MR), output-enable input (EO) and 3-state outputs (O). 


With the ST input in the HIGH state, the data on the D inputs appear at the corresponding outputs 
provided EO is LOW. Changing the ST input to the LOW state locks the data into the latch. A HIGH 
on the reset line forces the outputs to a LOW level regardless of the state of the ST input. The 3-state 
outputs are controlled by the output-enable input. A HIGH on EO causes the outputs to assume a high 
impedance OFF-state regardless of other input conditions. This allows the outputs to interface directly 
with bus orientated systems. When EO is LOW the contents of the latches are available at the outputs. 


FAMILY DATA 


a 


OA 
- von 
D iz 
= 1 to 4 
sal | ce 


Fig. 1 Functional diagram. 


see Family Specifications 


IpDp LIMITS category MSI 


© Products approved to CECC 90 104-063. 
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HEF 4508B 


MSI 
7Z74604,2 
Fig. 2 Pinning diagram. 
HEF4508BP : 24-lead DIL; plastic (SOT-101A). 
HEF4508BD: 24-lead DIL; ceramic (cerdip) (SOT-94). 
HEF4508BT : 24-lead mini-pack; plastic 
(SO-24; SOT-137A). 
PINNING 
Dog to D3a, Do3 to D3p data inputs 
STa, STR. strobe inputs 
MRa, MRp _ master reset inputs 
EO, EOp output enable inputs 


Oo to 03a, Opp to O3— = 3-state outputs 


FUNCTION TABLE 


H = HIGH state (the more positive voltage) 
latched L = LOW state (the less positive voltage) 

L. X = state is immaterial 

Z Z =high impedance OFF state 
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HEF 4508B 


MSI 


A.C. CHARACTERISTICS 


Vss = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns; see also waveforms Fig. 4. 


VDD typical extrapolation 


Propagation delays 
HIGH to LOW 


LOW to HIGH 


Dy —* On 
HIGH to LOW 


LOW to HIGH 


HIGH to LOW 


Output transition 
times 
HIGH to LOW 


LOW to HIGH 


3-state propagation 
delays 

Output enable times 
EO —» Oy, 

HIGH 


LOW 


Output disable times 
EO —» O, 
HIGH 
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TPHL 


tPLH 


TPHL 


tPLH 


TPHL 


tTHL 


tTLH 


tPZH 


tPZL 


tPHZ 


tPLZ 


88 ns + (0,55 ns/pF) Cy. 
39 ns + (0,23 ns/pF) Cy 
27 ns + (0,16 ns/pF) Cy 


88 ns + (0,55 ns/pF) Cy 
39 ns + (0,23 ns/pF) Cy 
27 ns + (0,16 ns/pF) Cy 


68 ns + (0,55 ns/pF) Cy 
29 ns + (0,23 ns/pF) Cy 
22 ns + (0,16 ns/pF) Cy 


68 ns + (0,55 ns/pF) Cy 
29 ns + (0,23 ns/pF) Cy 
22 ns + (0,16 ns/pF) Cy 


73 ns + (0,55 ns/pF) Cy 
29 ns + (0,23 ns/pF) Cy 
22 ns + (0,16 ns/pF) Cy 


10 ns + (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy. 

10 ns + (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy. 
6 ns + (0,28 ns/pF) Cy. 


Duai 4-bit latch HEF 4508B 
| MSI 


A.C. CHARACTERISTICS 
Vss=OV; Tamb = 25 9C; C; = 50 pF; input transition times < 20 ns 


Minimum ST 
pulse width; HIGH 


Minimum MR pulse 
width; HIGH 


Recovery time 


see also waveforms 
for MR 


Fig. 4 


Set-up times 


Hold times 


where 
f; = input freq. (MHz) 

f, = output freq. (MHz) 
C,_ = load capacitance (pF) 
X(f Cy) = sum of outputs 
Vpp = supply voltage (V) 


2 000 f; + X(foCL) x Vpp? 
9 000 f, + Z(foCL) x Vpp’ 
25 000 f; + Z(fgCL) x Vpp’ 


Dynamic power 
dissipation per 
package (P) 
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ST INPUT 450% 


<< twsTH > 


D, INPUT 50% t 


<—TtRMVR 


MR INPUT 


EO INPUT 


O,, OUTPUT 


7Z274606.2 


Fig. 4 Waveforms showing minimum ST and MR pulse widths, set-up and hold times for D, 
to ST, recovery time for MR and propagation delays from ST to On, Dp to Op and MR to Op. 
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Dual 4-bit latch HEF 4508B 


MSI 
APPLICATION INFORMATION 
Some examples of application for the HEF4508B are: 
@ Buffer storage 
@ Holding registers 
@ Data storage and multiplexing 
fe eee eee 
clock - 
| MRpB 
4-BIT 
. SHIFT REGISTER HEF4015B 
serial —_ 
data 
DOA D1A D2A D3A_ Dos Dip D2B 03g 
>ISTA QUADRUPLE STB QUADRUPLE 
LATCH LATCH HEF4508B 
output = 3~-STATE EQ 3-STATE 
enable EOA EOB 
00a 014 020 03a | | | Oop O18 028 O38 


i ae a ate 


data) 2 ea 
bus pee ee eR —— 
ee ~ oe 7284161 
Fig. 5 Example of a bus register using HEF4508B and HEF4015B. 
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SVL 


O86L 4899190 


4-line 
data 
bus 


4-line 
data 
bus 


a Ae ee 
DoA D1A D2A D3A 
3-STATE 
4-BIT LATCH 


| O0A O14 02d 03,4 | 


[| Cop O18 O28 O3B 
3-STATE 
4-BIT LATCH 


| Dos Dip D2B D3B | 
ae ae ae 


HEF4508B HEF4508B function 
select 


HEF4019B 


data bus 


7284162 


Fig. 6 Example of a dual multiplexed bus register with function select using two HEF4508B and one HEF4019B. 
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HEF 4510B 
Ms! 


-~ 
BCD UP/DOWN COUNTER | 


The HEF4510B is an edge-triggered synchronous up/down BCD counter with a clock input (CP), 

an up/down count control input (UP/DN), an active LOW count enable input (CE), an asynchronous 

active HIGH parallel load input (PL), four parallel inputs (Pg to P3), four parallel outputs (Og to 03), 
an active LOW terminal count output (TC), and an overriding asynchronous master reset inout (MR). 


Information on Pg to P3 is loaded into the counter while PL is HIGH, independent of all other input 
conditions except the MR input, which must be LOW. With PL LOW, the counter changes on the LOW 
to HIGH transition of CP if CE is LOW. UP/DN determines the direction of the count, HIGH for count- 
ing up, LOW for counting down. When counting up, TC is LOW when Og and O3 are HIGH and CE is 
LOW. When counting down, TC is LOW when Og to O3 and CE are LOW. A HIGH on MR resets the 
counter (Og to O23 = LOW) independent of all other input conditions. 


es LOAD CIRCUITRY 


UP/DOWN 
COUNTER 


HEF4510B 
PL 03 P3 Po CE Oo TC 


7Z273715.2 9273713 
Fig. 1 Functional diagram. Fig. 2 Pinning diagram. 


HEF4510BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4510BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 


HEF4510BT : 16-lead mini-pack; plastic (SO-16; SOT-109A). ae 
PINNING 
PL parallel load input (active HIGH) UP/DN up/down count control input 
Pg toP3 parallel inputs MR master reset input 
CE count enable input (active LOW) TC terminal count output (active LOW) 
CP clock pulse input (LOW to HIGH, Og to O23 -~siparaliilel outputs 
edge triggered) 
FAMILY DATA 


| see Family Specifications 


IDD LIMITS category MSI 
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BCD up/down counter HEF 4510B 
MSI 


T 
O71 2 03 


72Z75080.1 


Fig. 3b Logic diagram (continued from Fig. 3a). 
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HEF 4510B 


FUNCTION TABLE 


L 
L 
L 
L 
H 


Xx parallel load 
X no change 
St count down 
St count up 

X reset 


<r 2 


H = HIGH state (the more positive voltage) 
| = LOW state (the less positive voltage) 


X= state is immaterial 


S = positive-going transition 


count up —-—-—-— count down 1269575 


Fig. 4 State diagram. 


Logic equation for terminal count: 


— 
TC =CE —_— 


TC =CE: { (UP/DN):09:03 + (UP/DN)-09:01-09-03 3 


A.C. CHARACTERISTICS 
Vss =O V; Tamb = 25 OC; input transition times < 20 ns 


VDD typical formula for P (uW) an freq. (MHz) 
as fy = output freq. (MHz) 
Dynamic power 5 1000 fj + Z(fgCy) x Vpp? Cee load capacitance (pF) 
dissipation per 10 4500 fj + Z(foCy) x Vpp? X(foC;_) = sum of outputs 
package (P) 15 | 11200 f+ X(foC,) x Vpp? Vpp = supply voltage (V) 
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BCD up/down counter HEF 4510B 
MSI 


A.C. CHARACTERISTICS 
Vss =O V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


Propagation delays 


CP —> On | 145 290 os 118 ns + (0,55 ns/pF) Cy 
HIGH to LOW {PHL 60 120 ns | 49ns+ (0,23 ns/pF) Cy. 
45 90 ns 37 ns + (0,16 ns/pF) Cy 

5 155 310 ons 128 ns + (0,55 ns/pF) Cy 

LOW to HIGH 10 | tery 65 130 ns | 54ns+ (0,23 ns/pF) Cy 
15 45 90 ns 37 ns + (0,16 ns/pF) Cy 

CP —» TC 5 260 525 ns | 233 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | toy, 105 210 ns | 94ns+ (0,23 ns/pF) Cy 
15 75 150° ns 67 ns + (0,16 ns/pF) Cy. 

| 5 180 360 ns | 153 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpry 75 150 ns 64 ns + (0,23 ns/pF) Cy. 
15 55 115° ns 47 ns + (0,16 ns/pF) Cy 

PL —» On 5 125 255 ons 98 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyp 55 110 ns | 44ns+ (0,23 ns/pF) Cy 
15 40 85 ns | 32nst (0,16 ns/pF) Cy 

5 170 340 ns |} 143 ns + (0,55 ns/pF) CL 

LOW to HIGH 10 | tpey 70 140° ns 59 ns + (0,23 ns/pF) Cy 
15 59 105 ons | 42 ns + (0,16 ns/pF) Cy 

PL—»=TC 5 250 500 ns | 223ns + (0,55 ns/pF) CL 
HIGH to LOW 10) | tp. 110 220 ns 99 ns + (0,23 ns/pF) Cy 
15 80 160 ns 72 ns + (0,16 ns/pF) Cy 

5 | 250 500 os 223 ns + (0,55 ns/pF) Cy 

LOW to HIGH 10 | tpry 110 220° ns 99 ns + (0,23 ns/pF) Cy 
80 160 ns 72 ns + (0,16 ns/pF) Cy. 

CE —» TC 165 330 ns | 138ns+ (0,55 ns/pF) Cy 


HIGH to LOW 65 135 ns 54 ns + (0,23 ns/pF) Cy 


42 ns + (0,16 ns/pF) Cy 


118 ns + (0,55 ns/pF) Cy 
49 ns + (0,23 ns/pF) Cy. 
37 ns + (0,16 ns/pF) Cy 


178 ns + (0,55 ns/pF) Cy 
54 ns + (0,23 ns/pF) Cy 
37 ns + (0,16 ns/pF) Cy 

198 ns + (0,55 ns/pF) Cy 

64 ns + (0,23 ns/pF) Cy. 

42 ns + (0,16 ns/pF) Cy 


LOW to HIGH 


HIGH to LOW 


MR —® TC 
LOW to HIGH 
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HEF 4510B 


MSI 


A.C. CHARACTERISTICS 
Vss = 9V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


VDD symbol typical extrapolation 
V formula 
Output transition 
times 5 10 ns + (1,0 ns/pF) Cy. 
HIGH to LOW 10 | tTHL 9 ns + (0,42 ns/pF) Cy. 
15 6 ns + (0,28 ns/pF) Cy 
5 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 10 | tTLH 9 ns + (0,42 ns/pF) Cy 
15 6 ns + (0,28 ns/pF) Cy. 
Minimum clock 5 
pulse width; LOW 10 | twePL 
15 
Minimum PL | 5 
pulse width; HIGH 10 | tweLH 
15 
Minimum MR 5 
pulse width; HIGH 10 | twMRH 
15 
Recovery time 5 
for MR 10 | trwrR 
15 
Recovery time 5 
for PL. 10 tRpL | 
15 | 
Set-up times 5 
Pho owe PL 10 Toy 
15 see also waveforms 
5 Figs 5 and6 
UP/DN —-- CP 10 | toy 
| 15 
oe 5 
15 
Hold times 5 
15 . 
5 
UP/DN -——> CP 10 | thold 
15 
5 
CE —®» CP 10 thold 
. 15 j 
Maximum clock 5 
pulse frequency | 10 | fmax 
: 15 


October 1980 | 


BCD up/down counter | ' HEF 4510B 
MSI 


+tweeL © 
CP INPUT 50 Yo 50%  f50% | | 50% 
—e/( toy - hold 
CE INPUT 50° 50% 


= tsy —>'<+- thoigd © 1+ tsy —|<t— thoid > 


UP/DN INPUT i 50% 


7275082.4 


Fig. 5 Waveforms showing minimum pulse width for CP, set-up and hold times for CE to CP and 
UP/DN to CP. 


CP INPUT 


PL INPUT 


MR INPUT 


7Z75081.1 


Fig. 6 Waveforms showing minimum pulse width for PL and MR, recovery time for PL and MR and 
set-up and hold times for P, to PL. 
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HEF4511B 
MSI 


-~ 
BCD TO 7-SEGMENT LATCH/DECODER/DRIVER  — 


The HEF4511B is a BCD to 7-segment latch/decoder/driver with four address inputs (Da to Dp), an 
active LOW latch enable input (EL), an active LOW ripple blanking input (BI), an active LOW lamp test 
input (LT), and seven active HIGH n- p-n bipolar transistor segment outputs (O, to O g)- 


When EL is LOW, the state of the segment outputs (Oz to Og) is determined by the co on Da to Dp. 
When EL goes HIGH, the last data present on Da to Dp are stored in the latches and the segment out- 
puts remain stable. When LT is LOW, all the segment outputs are HIGH independent of all other input 


conditions. With LT HIGH, a LOW on BI forces all segment outputs LOW. The inputs LT and BI do 
not affect the latch circuit. 


| kaTCHES 


cae DECODER 


7Z273716.1 


| RIVERS 


99 or Joe Joao [ono 


14 |15 | 9 13 


Fig. 2 Pinning diagram. 


HEF4511BP: 16-lead DIL; plastic (SOT-38Z). 
HEF4511BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4511BT: 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


IZTSTAT2 
PINNING 
Fig. 1 Functional diagram. 
Da toDp address (data) inputs 
VDD EL latch enable input (active LOW) 

BI ripple blanking input (active LOW) 
LT lamp test input (active LOW) 

driver O,gtoOg segment outputs 

logic lon ; 

—p» Gua» 


Same 
- : | : 
d 
Vss 7279908 


Fig. 3 Schematic diagram of output stage. Fig. 4 Segment designation. 


FAMILY DATA 


| see Family Specifications 
IpDp LIMITS category MSI 
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BCD to 7-segment latch/decoder/driver HEF 4511B 
MSI 


=) 


CP 


O 


Fig. 6 Logic diagram (one latch); see also Fig. 5. 7279901 


FUNCTION TABLE 


inputs outputs 


O 
O 
CO 
OO 
Oo 
> 
O 
jab) 
© 
Oo 
O 
©) 
O 
Q. 
O 
@ 
O 
ao} 


Og | display 


blank 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


Jr aa ee ee eee ie er oe 
oe oe be de ee: decal ae 2a we owk ae gk. cate oe 
a ol oe (oe ee 2. Se, ee ee ee, ee ee cae 
A Se ae ae Ae a ee ee Po mei oe oe 
OR ee eae. ae ae Re Sc ae ok, I a 
~ oe de) ee a ee ee ee 
ab a I i I or Ene re ee ie oe 
le yde de i Oe ge ee ee ee 2 «ee i ee 
Fabitk i Pea oe a ea es Se a 
Pr eae Rte 2G. Be. Zo ee. Se Se i SL: 
foe de ies foe ee ee re Se ke 
are. are a Se ee ie oe ae a ee 
FS eee eof eco, “ale ee I ee pe 
CSP a eee ee ee aie, a eee ee PS cae 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 


* Depends upon the BCD code applied during the LOW to HIGH transition of EL. 


7272856 
Fig. 7 Display. 
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HEF 45116 
MSI 7 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134). 
Output (source) current HIGH —lOH max. 25 mA 


For other RATINGS see Family Specifications. 


Note | 
A destructive high current mode may occur if Vj and Vo are not constrained to the range Ves < V| 
or Vo <Vpp. 
D.C. CHARACTERISTICS 
Vsg=O0V 
Tamb (°C) 
“DD | OH | symbol 40 +25 +85 
¥ o min. max. min. typ. min. max. 
Output voltage 4,10 4,10 440 4,10 V 
HIGH 9,10 910 940 9,10 V 
14,10 14,10 14,40 14,10 V 
Output voltage 4,20 V 
HIGH 9,20 V 
14,20 V 
Output voltage 3,60 3,60 4,05 3,30 V 
HIGH 8,75 8,75 9,10 8,45 V 
13,75 13,75 14,10 13,45 V 
Output voltage 4,00 V 
~ HIGH 9,00 V 
14,00 V 
Output voltage 2,80 2,80 3,80 2,50 V 
HIGH 8,10 8,10 9,00 7,80 V 
13,10 13,10 14,00 12,80 OV 
Output voltage 3,70 V 
HIGH 8,90 V 
14,00 V 
A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; input transition times < 20 ns 
VpbD where 
typical formula for P (uW) f, = input freq. (MHz) 
—; ~ fo = output freq. (MHz) 
Dynamic power 5 1000 fj + D(fgCL) x Vpp* C,. = load capacitance (pF) 
dissipation per 10 4000 fj + L(foCL) x Vpp’ X(foC__) = sum of outputs 
package (P) 15 {10000 fj) + 2(foC,) x Vpp’ Vpp = supply voltage (V) 
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BCD to 7-segment latch/decoder/driver HEF 45118 
MSI 


A.C. CHARACTERISTICS 


Vss = 0 V; Tamb = 25 °C; Cy. = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


Propagation delays 
Dn —* On 


128 ns + (0,55 ns/pF) Cy 


HIGH to LOW 10 | tpyy 60 120 ns 49 ns + (0,23 ns/pF) Cy 
15 40 80 ns 32 ns + (0,16 ns/pF) Cy. 
5 135 270 ns 108 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpLH 55 110 ns 44 ns + (0,23 ns/pF) Cy 
15 40 80 ns 32 ns + (0,16 ns/pF) Cy 
EL 0, 5 160 320 ns 133 ns + (0,55 ns/pF) Cy. 
HIGH to LOW 10 | tpyy 60 120 ns 49 ns + (0,23 ns/pF) Cy 
15 45 90 ns 37 ns + (0,16 ns/pF) Cy 
5 160 320 ns 133 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpry 70 140 ns 59 ns + (0,23 ns/pF) Cy 
15 50 100 ns 42 ns + (0,16 ns/pF) Cy 
BI — 0, 5 120 240 ns 93 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpHL 50 100 ns 39 ns + (0,23 ns/pF) Ci 
15 35 70 ns 27 ns + (0,16 ns/pF) Cy 
5 105 210 ns 78 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tply 40 80 ns 29 ns + (0,23 ns/pF) Cy 
15 30 60 ns 22 ns + (0,16 ns/pF) Cy. 
LT —» 0, 5 80 160 ns 52 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy 30 60 ns 19 ns + (0,23 ns/pF) Cy 
15 20 40 ns 12 ns + (0,16 ns/pF) Cy 
5 60 120 ns 33 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpry 30 60 ns 19 ns + (0,23 ns/pF) Cy 
15 25 50 ns 17 ns + (0,16 ns/pF) Cy 
Output transition | 
times 5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy 
5 25 50 ns 20 ns + (0,1 ns/pF) Cy. 
LOW to HIGH 10 | tTLH 16 32 ns 13 ns + (0,06 ns/pF) CL 
15 13 26 ns 10 ns + (0,06 ns/pF) CL 
Minimum EL 5 80 40 ns 
pulse width; LOW 10 | tweLe 40 20 ns” 
15 35 = «17 ns 
SL 2 ay ee see also waveforms 
15 20 «9 ns o 
Hold time 5 60 30 ns 
Da EL 10 | thold 30. =—s 15 ns 
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HEF 4511B 


Ms! 
EL INPUT Leoy 
= twetL~ 
Dc INPUT 50% 
— "ogee! hold: I= ee 
Conditions 
Dp = LOW 
DA = Dp ond By = (T= 
Og OUTPUT HIGH 


7272852.1 


Fig. 8 Waveforms showing minimum EL pulse width, set-up and hold time for De to EL. 
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BCD to 7-segment latch/decoder/driver HEF 45118 
MSI 


APPLICATION INFORMATION 
some examples of applications for the HEF45171B are: 


Driving LED displays. 

Driving incandescent displays. 
Driving fluorescent displays. 
Driving LCD displays. 

Driving gas discharge displays. 


VDD 


common cathode 


{__}—+ LED 


MM fi 7279907 


Fig. 9 Connection to common cathode L.ED display readout. 


common anode 
LED 


7279902 


Vss 


Fig. 10 Connection to common anode LED display readout. 
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COV 


VDD VoD | VDD 


direct 
(low brightness ) 


i ee etic ta 


ze 
a 
aS 
— 
QU 


‘e) 
‘?) 
o> 
fe) 
oy 
@o 
“ 
ie 
co 
00 
o 


to 


WY) _-_-e | filament 
YY | — supply 

1 Vss | yet zVss ; 7 
7279906 


Vss 7279904 


7 Fig. 12 Connection to fluorescent display readout. 


(1) A filament pre-warm resistor is recommended to reduce filament 
thermal shock and increase the effective cold resistance of the filament. 


Fig. 11 Connection to incandescent display readout. | | _ _ _ Sens 
Z appropriate — .Vpp — a 
Vpop| _ 4 voltage - i , SS ‘DD 


4, HEF 4070B 
7279903 


7279905 
1) Vss ‘7 m . ee = ; . : 
7 | Fig. 14 Connection to liquid crystal (LCD) display readout. 
iFig. 13 Connection to gas discharge display readout. Direct d.c. drive of LCDs not recommended for life of LCD readouts. 
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MSI 


-~ 
8-INPUT MULTIPLEXER WITH 3-STATE OUTPUT Gs 


The HEF4512B is an 8-input multiplexer with 8 binary inputs (Ig to 17), an enable input (E) and an 
output enable input (EO). One of eight binary inputs is selected by select inputs Sg, $1 and S9, and is 
routed to the output O. A HIGH on EO causes O to assume a high impedance OF F-state, regardless of 
other input conditions. This allows the output to interface directly with bus oriented systems (3-state). 
When the active LOW enable (E) is HIGH, it forces the output LOW provided EO is LOW. By proper 
manipulation of the inputs, the device can provide any logic functions of four variables. It cannot be 
used to multiplex analogue signals. 


7272871.1 


Fig. 2 Pinning diagram. 


HEF4512BP : 16-lead DIL; plastic (SOT-38Z). 
7272870.3° HEF4512BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4512BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


Fig. 1 Functional diagram. 


PINNING 

SQ, 91,52 select inputs 

EO output enable (active LOW) 
E enable (active LOW) 

Iq to l7 multiplexer inputs 

O multiplexer output 
FAMILY DATA 


see Family Specifications 
Ipp LIMITS category MSI 
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8-input multiplexer with 3-state output HEF 4512B 
| MSI 


TRUTH TABLE 


inputs 


oT 
oy 


eo wr ie ae a ee er ee ee er 
xo. Sie ee eh oe ee oe ee re oe 
Ma Sc ee oS ea ee eo 
x a ee ee Pe ee eee eo 
eae a ak ee eS oe ee a ee a 
<x KKK KKK KKK hKK KK XK TTX 
<x KK KKK KKK KKK KT KK XK 
x KKK KK KK KKK OTK KK XK XK 
<x KKK mK KK CK KKK KKK XK XK 
<x KKK MC mK KK KKK KKK KX 
<x K «MK DTK KKK /K—K KK K—~ KKK RK OX 
<x Dm KKK mK KKK KKK KKK XK OX 
Pit ak a, GE Se ee ce i te iP Se LL 


x KKK KKK KK DT KKK KKK XK 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 

Z = high impedance OF F-state 


A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 OC; input transition times < 20 ns 


ee typical formula for P (uW) ae freq. (MHz) 
fo = output freq. (MHz) 
Dynamic power 5 500 fj + L(foC_) x Vpp* C, = load capacitance (pF) 
dissipation per 10 2100 fj + L(fgCL_) x Vpp? XU(fgCy_) = sum of outputs 


package (P) 15 5800 fj + Z(foCL) x Vpp’ Vpp = supply voltage (V) 
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A.C. CHARACTERISTICS 
Vss =0 V; Tampb = 25 °C; C,_ = 50 pF; input transition times < 20 ns 


VDD typical extrapolation 


Propagation delays 


I, —» O 100 200 = ons 73 ns + (0,55 ns/pF) Cy 
HIGH to LOW 40 80  ~—ons 29 ns + (0,23 ns/pF) Cy. 
30 60 ns 22 ns + (0,16 ns/pF) Cy 
100 200 ns 73 ns + (0,55 ns/pF) Cy 
LOW to HIGH 40 80 ns 29 ns + (0,23 ns/pF) Cy. 
30 60 ns 22 ns + (0,16 ns/pF) Cy 
Sj ef 0 140 280° ns 113 ns + (0,55 ns/pF) Cy 
HIGH to LOW 55 110 ns 44 ns + (0,23 ns/pF) Cy 
40 80 ons 32 ns + (0,16 ns/pF) Cy 
150 300° ons 123 ns + (0,55 ns/pF) Cy 
LOW to HIGH 60 120 ns 49 ns + (0,23 ns/pF) Cy 
40 80 =o ns 32 ns + (0,16 ns/pF) Cy 
E —~ 0 60 120 ns 33 ns + (0,55 ns/pF) Cy. 
HIGH to LOW 25 50 sons 14 ns + (0,23 ns/pF) Cy 
20 40 ns 12 ns + (0,16 ns/pF) Cy 
55 110° ns 28 ns + (0,55 ns/pF) Cy 
LOW to HIGH 25 50 —s ns 14 ns + (0,23 ns/pF) Cy 
20 40 ns 12 ns + (0,16 ns/pF) Cy 
Output transition 
times 60 120 ns 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 30 60 ns 9 ns + (0,42 ns/pF) Cy 
20 40 ns 6 ns + (0,28 ns/pF) Cy, 
60 120 ns 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 30 60 os 9ns + (0,42 ns/pF) Cy 
20 40 os 6 ns + (0,28 ns/pF) Cy 
3-state propagation 
delays 
Output disable times 
EO —* 0 35 70 sons 
HIGH 20 40 os 
15 30. —So ns 
35 70 ons 
LOW 15 30 =o ns 
10 20 ~—sns 
Output enable times 
EO: = 0 35 70 ons 
HIGH 15 30 ~=ons 
10 20. ~—s ns 
35 70 ons 
LOW 20 40 ns 
15 30. ~=ons 
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8-input multiplexer with 3-state output | HEF 4512B 
| MSI 


APPLICATION INFORMATION 
Some examples of applications for the HEF4512B are: 


@ Signal gating 
@® Digital multiplexing 
@ Number sequence generation 
TRUTH TABLE for Fig. 4 


input 0 | input conn. 
HEF 4512B A4 A1 | Ao to output 
neat = IC Output | L Lik L L 0 
ae 6 | LILI]LILIHI 1 
a = L|/L}]LIHILI 2-4 via 
1/4 HEF4011B & L L L H !|H 3 IC 
L L H L Ls. 4 0 
L L H L H 5 
LijbLiHI HEL 6 
input 8 L L H H H 7 
input 15 LIH;}JLIt{|e{ 8s 
A3 L Hi L L | H 9 
Ry | LiH{iLtLITHI LI} 10 | via 
1/4 HEF40118 & L H L H | H | 11 IC 
L |H!HjL iL i 12 1 
L |} H{HjL Hi 13 
L |H}|HIHiL { 14 
input 16 L H H H H 15 
meee H L L. L L | 16 
A -H E L Loi ord | 17 
axe 
Ay | HIE} L iH} L118 | via 
yneraon8 Hy Lye THe 19 ic 
H L H L H | 21 
H L H H L | 22 
bana H iL | H|H | H] 23 
ae! H}|HILIL IL | 24 
input 31 7 4 L L 4 25 
A 
- hoe HIH}|LIHIL/26 | via 
| H H L H H | 27 IC 
1/4 HEF4011B 2& a le bia bos 3 
H H H L H | 29 
H |H |H |H IL {30 
H {H|H {[H]H {31 


Ag 41A2 7284365 


Fig. 4 32-input multiplexer using 4 x HEF4512B and 1 x HEF4011B. The input is selected by 5-bit 
address (Aq to Ag) and presented at the output. a | 
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fica 
1-OF-16 DECODER/DEMULTIPLEXER WITH INPUT LATCHES ij 


The HEF4514B is a 1-of-16 decoder/demultiplexer, having four binary weighted address inputs (Ag to 
A3), a latch enable input (EL), and an active LOW enable input (E). The 16 outputs (Og to O75) are 
mutually exclusive active HIGH. When EL is HIGH, the selected output is determined by the data on 
An. When EL goes LOW, the last data present at A, are stored in the latches and the outputs remain 
stable. When E is LOW, the selected output, determined by the contents of the latch, is HIGH. At E 
HIGH, all outputs are LOW. The enable input (E) does not affect the state of the latch. When the 
HEF4514B is used as a demultiplexer, E is the data input and Ag to Ag are the address inputs. 


NO 
Iu 
mi 


DECODER 


feo or Fae Pa [ss Pala PeaPradraP 
Ho [8 [7 7 [20 15 
7269540.3 


Fig. 1 Functional diagram. 


PINNING 

Ag to A3 address inputs 

E enable input (active LOW) 
Ay, OF. -06 “Oe | EL latch enable input 


Og to O15 outputs (active HIGH) 


7Z695124 


Fig. 2 Pinning diagram. 
HEF4514BP : 24-lead DIL; plastic (SOT-101A). 
HEF4514BD: 24-lead DIL; ceramic (cerdip) (SOT-94). 
HEF4514BT : 24-lead mini-pack; plastic (SO-24: SOT-137A). 


APPLICATION INFORMATION 


Some examples of applications for the HEF4514B are: 
@ Digital multiplexing. 

@ Address decoding. 

® Hexadecimal/BCD decoding. 


FAMILY DATA | 
see Family Specifications 
Ipp LIMITS category MSI J 2 
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A3 


Fig. 4 Logic diagram (one latch). 
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1-of-16 decoder/demultiplexer with input latches HEF 4514B 
MS! 


TRUTH TABLE 


HX X X X Le Wes Re HE ie le oe L oL L L L L 
LL L EL Le Hb. ie ae A LE. L L L L 
by ek: we we I 4B oe, a “HE. Ee LoL L Es L L 
ube ae ob. ob A 4 BE, ee ode OE LoL L L L L 
LH H LL i, te UB ME. “ee ale, Sk i “Ee L L L L 
eile, Jee ER OG E. de SR ob. tk Eo L oL L L L L 
oe ee ee i. i jk JA ds bE LE. ib L L L L 
LL H HL Ly. Be oth Sl oe 2 L eL L L i ig 
LH H HL . WE- iB i ies bly 76 eo L L L L 
L -L LL H is; i the eS L L L L B L 
| Lee uk le, «El be 46. th: tee --£ L L L L L L 
Mee “Elo “EA i 4k. “Ee He ee. OE, H L L L L L 
LH H L H Le. ais, Ee, i. de a. TE LH L L L L 
LL bL H H L LE ELE EL LL E TE H L L L 
LH L HH ke we. “Ee UR. Se. «Bb. SG L oL L H L L 
ese. oh. Ae be cE. Uke. Gla ele. Gk. OE L L L L H L 
LH H H H Ie, the, lk Le. “ee A Ee, ie L L L H 
EL = HIGH 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 


typical extrapolation 
symbol typ. max. ue, 


formula 
Propagation delays 

An, EL —® On 5 260 520 ns 233 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 tPHL 95 190 ns 84 ns + (0,23 ns/pF) Cy 
15 65 130° ns 57 ns + (0,16 ns/pF) Cy 
| 5 270 550° ns 243 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 tPLH 95 190 sins 84 ns + (0,23 ns/pF) Cy 
65 130 ~=ns 57 ns + (0,16 ns/pF) Cy 
E — 0, 175 350° os 148 ns + (0,55 ns/pF) Cy 
HIGH to LOW tPHL 65 130 ns 54 ns + (0,23 ns/pF) Cy 
45 90 ns 37 ns + (0,16 ns/pF) Cy. 
200 400 = ns 173 ns + (0,55 ns/pF) Cy. 
LOW to HIGH tpl y 70 140 ns 59 ns + (0,23 ns/pF) Cy. 


50 100° ns 42 ns + (0,16 ns/pF) Cy 
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A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


VDD typical extrapolation 


Output transition 5 90 180 ns 40 ns + (1,0 ns/pF) Cy 


times 10 tTHE. 35 65 ns 14 ns + (0,42 ns/pF) Cy 
HIGH to LOW 15 25 50 ns 11 ns + (0,28 ns/pF) Cy 
5 85 170 ns 35 ns + (1,0 ns/pF) Cy. 
LOW to HIGH 10 tTLH 35 70 ns 14 ns + (0,42 ns/pF) Cy 
15 25 50 ns 11 ns + (0,28 ns/pF) Cy. 
Set-up time 5 120 #60 ns 
An —> EL 10 tsy 40 20 ns 
15 30 15 ns 
Hold time ° 0 60 DS see also waveforms 
An —®> EL 10 thold 0 20 ns Rige5 
15 0 15 ns 
Minimum EL pulse 5 120 60 ns 
width; HIGH 10 tWELH 40 20 ns 
15 30 15 ns 


where 
f; = input freq. (MHz) 
oe cea Meee ee fy = output freq. (MHz) 


Dynamic power 1100 fj + Z(foCL) x Vp? C,_ = load capacitance (pF) 
dissipation per | 5500 fj + Z(foCL) x Vpp* X(foC,_) = sum of outputs 
package (P) 16 000 f; + Z(foC_) x Vpn? Vpp = supply voltage (V) 


EL INPUT 


— >! tholq |j*— 


7Z74552 


Fig. 5 Waveforms showing minimum pulse width for EL, set-up and hold times for A, to EL. 
Set-up and hold times are shown as positive values but may be specified as negative values. 
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| _— 
1-OF-16 DECODER/DEMULTIPLEXER WITH INPUT LATCHES Wij 


The HEF4515B is a 1-of-16 decoder/demultiplexer, having four binary weighted address inputs (Ag to 
A3), a latch enable input (EL), and an active LOW enable input (E). The 16 outputs (Og to O45) are 
mutually exclusive active LOW. When EL is HIGH, the selected output is determined by the data on 
An. When EL goes LOW, the last data present at A, are stored in the latches and the outputs remain 
stable. When E is LOW, the selected output, determined by the contents of the latch, is LOW. At E 
HIGH, all outputs are HIGH. The enable input (E) does not affect the state of the latch. When the 
HEF 4515B is used as a demultiplexer, E is the data input and Ag to A3 are the address inputs. 


LATCHES 


DECODER 


23 


Oo OO O09 OO O09 O89 O09 OO 0 O09 0 OO O60 9 OO OF 

Be Ys 5p fox YOu Jos Y5s 157 Jos [Oo fOro[OrifOr2]r3f0r4 

11 |9 410 J8 |7 |6 |J5 |4 |18 417 [20 419 414 {13 416 415 

7284275 
Fig. 1 Functional diagram. 
PINNING 
Ar O10 On Og Og Ow Os O12 O43 Ag to A3 address inputs 
HEF4LS515B E enable input (active LOW) 

EL latch enable input 


Og to 015 __ outputs (active LOW) 


7Z69513.2 


Fig. 2 Pinning diagram. 


HEF4515BP : 24-lead DIL; plastic (SOT-101A). 
HEF4515BD: 24-lead DIL; ceramic (cerdip) (SOT-94). 
HEF4515BT : 24-lead mini-pack; plastic (SO-24; SOT-137A). 


APPLICATION INFORMATION 


some examples of applications for the HEF4515B are: 
@ Digital multiplexing. 

@ Address decoding. 

@ Hexadecimal/BCD decoding. 


FAMILY DATA 
see Family Specifications 


IDp LIMITS category MSI 
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Fig. 3 Logic diagram. 


Fig. 4 Logic diagram (one latch). 


1-of-16 decoder/demultiplexer with input latches HEF 4515B 
MSI 


TRUTH TABLE 


inputs outputs 


2 03 04 05 Og 07 Og Og 019 0144 O12 013 014 O15 


O} 
os) 
ol 

lo 


Perr rrrrrrerereere eo 
fe ce ae, ee er 
2 hee ee 2 ee ae 
Lr oe ee a ee 

oP a ee ee. ie ee 
Lr a a 
aos a SE ee Se 
oe a cle la ke de ek oes ee, cd, ele oe di, seks dg coke 
6 a ee a ee 
eee ae Aa ee a ee. a 
Sea es se 2 oe SS a i ak. SE ek 2 
a a Ee Se ee ee ee 
Shey ake dle ky che ae, (ale Ge Se a, es SE Ee 
ae, oe oe ke 2 SR a eee ee 
Oe ot ae ae ie a esl ee a ck eae i oe, CE 
Te i ee 2 oe a ee a ee. 
ete SE a ae ke ey ce ee a, 
ee oe af oe Se oe oe Se oe ed a, ee 
aoe eee es ee, es, ee oh td als 
a a es Se 
[7 ale 2 ae Si is oe a als 2, te 


EL = HIGH 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


Propagation delays 
An, EL —> On 233 ns + (0,55 ns/pF) Cy 
HIGH to LOW 84 ns + (0,23 ns/pF) Cy 
57 ns + (0,16 ns/pF) Cy 


243 ns + (0,55 ns/pF) Cy 
LOW to HIGH te 84 ns + (0,23 ns/pF) Cy 
57 ns + (0,16 ns/pF) Cy. 


E—O, 148 ns + (0,55 ns/pF) Cy 


HIGH to LOW 54 ns + (0,23 ns/pF) Cy 
37 ns + (0,16 ns/pF) Cy 

173 ns + (0955 ns/pF) Cy. 

LOW to HIGH 59 ns + (0,23 ns/pF) Cy 
| 42 ns + (0,16 ns/pF) Cy 
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A.C. CHARACTERISTICS 
Vss = OV; Tamb = 25 °C; C,_ = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


min. typ. max. 


90 180 ns 40 ns + (1,0 ns/pF) Cy. 
35 65 ns 14 ns + (0,42 ns/pF) Cy 
25 50 ns 11 ns + (0,28 ns/pF) Cy 


Output transition 
times 
HIGH to LOW 


85 170 ns 35 ns + (1,0 ns/pF) Cy 
LOW to HIGH 35 70 ns 14 ns + (0,42 ns/pF) Cy 
25 50 ns 11 ns + (0,28 ns/pF) Cy 
Set-up time 120 60 ns 
An —® EL 40 20 ns 
30 15 ns 
Hold time 0 60 ae see also waveforms 
0 15 ns 3: 
Minimum EL pulse 120 60 ns 
width; HIGH tWELH 40 20 ns 
0 15 ns 


where 

f; = input freq. (MHz) 
fy = output freq. (MHz) 
C, = load capacitance (pF) 
X(foCy) = sum of outputs 
Vpp = supply voltage (V) 


typical formula for P (uW) 


1100 fj + 2(fgCL) x VDD, 
5500 fj + X(foCi) x Vpp’ 
16 000 fj + 2(foCL) x <VDD* 


Dynamic power 
dissipation per 
package (P) 


EL INPUT 


_thold ee 


50% Ww 


7274552 


A,, INPUT tiff 


Fig. 5 Waveforms showing minimum pulse width for EL, set-up and hold times for An to EL. Set-up 
and hold times are shown as Pe values but may be eee as negative values. 
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-~ 
BINARY UP/DOWN COUNTER Gs 


The HEF4516B is an edge-triggered synchronous up/down 4-bit binary counter with a clock input 
(CP), an up/down count control input (UP/DN), an active LOW count enable input (CE), an 
asynchronous active HIGH parallel load input (PL), four parallel inputs (Pg to P3), four parallel out- 
puts (Og to 03), an active LOW terminal count output (TC), and an overriding asynchronous master 
reset input (MR). 


Information on Pg to P3 is loaded into the counter while PL is HIGH, independent of all other input 
conditions except MR which must be LOW. When PL and CE are LOW, the counter changes on the 
LOW to HIGH transition of CP. Input UP/DN determines the direction of the count, HIGH for counting 
up, LOW for counting down. When counting up, TC is LOW when Og to 03 are HIGH and CE is LOW. 
When counting down, TC is LOW when Og to 03 and CE are LOW. A HIGH on MR resets the counter 
(Og to 03 = LOW) independent of all other input conditions. 


D CIRCUITRY 


UP/DOWN 
COUNTER 


7273715.2 : 
Fig. 1 Functional diagram. Fig. 2 Pinning diagram. 


HEF4516BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4516BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 


7Z73714 


HEF4516BT: 16-lead mini-pack; plastic (SO-16; SOT-109A). — 
PINNING 
PL : parallel load input (active HIGH) UP/DN up/down count control input 
Pg to P23 parallel inputs MR master reset input 
CE count enable input (active LOW) TC terminal count output (active LOW) 
CP clock pulse input (LOW to HIGH, Og to 03 -©sparaililel outputs 
edge triggered) 
FAMILY DATA 


see Family Specifications 


Ipp LIMITS category MSI 
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Binary up/down counter | HEF 4516B 
MSI 
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33-7 7>0a40 


VV 
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0; 3 03 
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Fig. 3b Logic diagrarh (continued from Fig. 3a). 
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FUNCTION TABLE 


am [orm [CLO [moe 


parallel load 


no change 
count down 
count up 
reset 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 

/ = positive-going transition 


Beso Soe 


i 
| v 
EE 
—-> ——> -> -> 
cd Pee vas oe 


count up —--—- count down 71269576 


Fig. 4 State diagram. 
Logic equation for terminal count: 
TC = CE: {(UP/DN)-09:01:09:03 + (UP/DN)-09:0,-09-03} 


A.C. CHARACTERISTICS 
Vss = 0 V: Tamb = 25 OC; input transition times < 20 ns 


OD typical formula for P (uW) 


Dynamic power 5 1000 f} + Z(foCL) x Vpp’ 
dissipation per 10 4500 f; + Z(foCL) x Vpp? 
package (P) 15 | 11200 f + Z(foC_) x Vpp’ 


where 
f; = input freq. (MHz) 

fy = output freq. (MHz) 
C,_ = load capacitance (pF) 
2(foCy) = sum of outputs 
VpDp = supply voltage (V) 
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A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


max. 


Propagation delays 


CP -» 0, ! 290 118 ns + (0,55 ns/pF) Cy. 
HIGH to LOW 10 | tpyy 60 120 ns 49 ns + (0,23 ns/pF) Cy. 
15 45 90 ns 37 ns + (0,16 ns/pF) Cy 

5 155 310 ns 128 ns + (0,55 ns/pF) Cy 

LOW to HIGH 10 | tery 65 130 ns 54 ns + (0,23 ns/pF) Cy. 
15 45 90 ns 37 ns + (0,16 ns/pF) Cy 

cP —» TC 5 260 525 ns 233 ns + (0,55 ns/pF) Cy. 
HIGH to LOW 10 | tpyy 105 210 ns 94 ns + (0,23 ns/pF) Cy 
15 75 150 ns 67 ns + (0,16 ns/pF) Cy 

5 180 360 ns 153 ns + (0,55 ns/pF) Cy 

LOW to HIGH 10 | tery 75 150 ns 64 ns + (0,23 ns/pF) Cy 
15 55 115 ns 47 ns + (0,16 ns/pF) Cy 

PL —> On 5 125 255 ns 98 ns + (0,55 ns/pF) Cy. 
HIGH to LOW 10 | tpyy, 55 = =110 ns 44 ns + (0,23 ns/pF) Cy 
15 : 40 85 ns 32 ns + (0,16 ns/pF) Cy 

| 5 170 340 ns 143 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tery 70 140 ns 59 ns + (0,23 ns/pF) Cy. 
15 50 105 ns 42 ns + (0,16 ns/pF) Cy 

PL —we TC 5 250 500 ns 223 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyyy 110 220 ns 99 ns + (0,23 ns/pF) Cy 
15 80 160 ns 72 ns + (0,16 ns/pF) Cy 

5 250 #500 ns 223 ns + (0,55 ns/pF) Cy 

LOW to HIGH 10 | tpey 110 220 ns 99 ns + (0,23 ns/pF) Cy 
15 80 160 ns 72 ns + (0,16 ns/pF) Cy 

CE —»® TC 5 165 330 ns 138 ns + (0,55 ns/pF) Cy 
HIGH to LOW tPHL 65 135 ns 54 ns + (0,23 ns/pF) Cy. 
50 #100 ns 42 ns + (0,16 ns/pF) Cy 

145 290 ns 118 ns + (0,55 ns/pF) Cy. 

LOW to HIGH tPLH 60 125 ns 49 ns + (0,23 ns/pF) Cy 
45 95 ns 37 ns + (0,16 ns/pF) Cy 

MR —* On, TC 205 405 ns 178 ns + (0,55 ns/pF) Cy 
HIGH to LOW 65 130 ns 54 ns + (0,23 ns/pF) Cy 
45 85 ns 37 ns + (0,16 ns/pF) Cy 

MR —» TC 225 450 ns 198 ns + (0,55 ns/pF) Cy. 
LOW to HIGH ns 64 ns + (0,23 ns/pF) Cy 


42 ns + (0,16 ns/pF) Cy 
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HEF 4516B 
MSI 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 PC; Cy = 50 pF; input transition times < 20 ns 


V : . 
DD symbol | min. typ. max. typical extrapolation 
V formula 


Output transition 


times 5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy 
5 60 120 ns 10 ns + (1,0 ns/pF) Cy. 
LOW to HIGH 10 | tTLH 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 | 20 40 ns 6 ns + (0,28 ns/pF) Cy 
Minimum clock 5 95 45 ns 
pulse width; LOW 10 | twepL | 35 20 ns 
15 25 15 ns 
Minimum PL 5 105 55 ns 
pulse width; HIGH 10 | twptH | 45 25 ns 
-) 15 35 15 ns 
Minimum MR 5 120 60 ns 
pulse width; HIGH 10 | twuRH! 50 25 ns 
15 40 20 ns 
Recovery time 5 130 65 ns 
for MR 10 tRMR 45 20 ns 
15 30 15 ns 
Recovery time 5 150 75 ns 
for PL 10 | trp, 50 25 ns 
15 30 15 ns 
Set-up times | 5 | 100 50 ns 
Ph —® PL 10 | toy 50 25 ns 
15 40 20 ns see also waveforms 
5 250 125 ns Figs 5 and 6 
UP/DN —* CP 10 | toy 100 50 ns 
15 | 75 35 ns 
5 120 60 ns 
CE —» CP 10% 4 tei 40 20 ns 
15 25 10 ns 
Hold times 5 10  —40 ns 
Ph —™ PL 10 | thold 5 —20 ons. 
15 0 —20 ns 
5 35 —90 ns 
UP/DN —®* CP 10 | thold 15 —35 ns 
15 15 —25 ns 
5 20 —40 ns 
CE —®» CP 10 | thold 5 —15 ns 
15 5 —10 ns 
Maximum clock 5 3 6 MHz 
pulse frequency 10 | fmax 7 14 MHz 
9 
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Binary up/down counter HEF 4516B 
MsI 


CP INPUT 


CE INPUT 


—+tsy —!+ thold I+ toy ©! thoig > 


UP/DN INPUT 50% 


7275082.) 


Fig. 5 Waveforms showing minimum pulse width for CP, set-up and hold times for CE to CP and 


UP/DN to CP. 
CP INPUT | L 50% 50 Vo 
PL INPUT 50 %o 50°%o 


ep eet tag: = 


—r| !<+—trurR 


MR INPUT 


7Z75081.1 


Fig. 6 Waveforms showing minimum pulse width for PL and MR, recovery time for PL and MR and 
set-up and hold times for P,, to PL. 
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HEF 4517B 
LSI 


-~ 
DUAL 64-BIT STATIC SHIFT REGISTER Gs 


The HEF4517B consists of two identical, independent 64-bit static shift registers. Each register has 
separate clock (CP), data input (D), parallel input-enable/output-enable (PE/EO) and four 3-state 
outputs of the 16th, 32nd, 48th and 64th bit positions (01g to Ogq). Data at the D input is entered 
into the first bit on the LOW to HIGH transition of the clock, regardless of the state of PE/EO. 


When PE/EO is LOW the outputs are enabled and the device is in the 64-bit serial mode. 


When PE/EO is HIGH the outputs are disabled (high impedance OFF-state), the 64-bit shift register is 
divided into four 16-bit shift registers with D, 016, 039 and Ogg as data inputs of the ist, 17th, 33rd, 
and 49th bit respectively. Schmitt-trigger action in the clock input makes the circuit highly tolerant 


to slower clock rise and fall times. 


Dy 64- BIT STATIC SHIFT REGISTER 
CP 016/17 932/033 O4g/D4g 964 


INPUT /3-STATE —~ OUTPUT CIRCUITRY 


NCE 
948A] 2 
916A | 


D; 64-BIiT STATIC SHIFT REGISTER 


cP O16/P17_932/P33 Cag/Pag O64 


INPUT /3—STATE — OUTPUT CIRCUITRY 


0648 | 
__ 0488 


7 3 7 aT TTT 
Fig. 1 Functional diagram. 


FAMILY DATA | 
see Family Specifications 
IpDp LIMITS category LSI | 
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PINNING 

CPa, CPp 

PE/EO,, PE/EOp 
Da, Dg 

016A, 032A, 048A 


0168, 9328, O4gB 


Og4A, O64B 


May 1983 


Vpop 9168: P4gB CPg 0648 [328 Pp 


HEF4517B 


CP, Og4n 0324 PA Vss 
4 | 6 | 8 | 


PE/EO, 7Z274571.1 


Fig. 2 Pinning diagram. 


HEF4517BP : 16-lead DIL; plastic (SOT-382Z). 
HEF4517BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4517BT : 16-lead mini-pack; plastic (SO-16L; SOT-162A). 


clock inputs . 
parallel input-enable/output-enable inputs 
data inputs C 

3-state outputs/inputs 

3-state outputs/inputs 

3-state outputs 


FF FF FF FF FF FF FF 
16 17 32 33 48 49 64 


PE/EO, >< > 0 meal 
Pot tT tt 


\/ \/ \/ \/ 
/\ /\ /\ 
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Fig. 3 Logic diagram (one shift register). 
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FUNCTION TABLE 


=o mode 


ge data entered content of content of content of content of One 64-bit shift 
into 1st bit 16th bit 32nd bit 48th bit 64th bit register. The content of 
displayed displayed displayed displayed the shift register is 
shifted over one stage 


IST 
GZISvs4sdH 


of data entered data at data at data at remains in Four 16-bit shift 
into 1st bit O76 entered O39 entered Ogg entered ‘Z’ state register. The content of 
into 17th bit into 33rd bit into 49th bit the shift registers is 
shifted over one stage. 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 

X = state is immaterial 

Z = high impedance state 

J = positive-going transition 

\. = negative-going transition 


Dual 64-bit static shift register HEF 4517B 
LSI 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; input transition times < 20 ns 


V 
we typical formula for P (uW) 


Dynamic power 5 7000 fj + Z(foCL) x Vpp’ 


where 

f; = input freq. (MHz) 

fy = output freq. (MHz) 
Cy = load capacitance (pF) 
X(f ) = sum of outputs 


dissipation per 10 | 28000 fj + T(foCL) x Vpn’ oCL 
package (P) | 15 | 70 000 f| + Z(foCL) x Vpp’ | Vpp = supply voltage (V) | 
A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 °C; Cy = 50 pF; input transition times < 20 ns 


VDD ; typical extrapolation 
formula 


Propagation delays 
CP —» On 193 ns + (0,55 ns/pF) Cy 
HIGH to LOW 74 ns + (0,23 ns/pF) Cy 

52 ns + (0,16 ns/pF) Cy 


163 ns + (0,55 ns/pF) Cy 
LOW to HIGH 64 ns + (0,23 ns/pF) Cy 
42 ns + (0,16 ns/pF) Cy 


Output transition 
times 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 
10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 
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HEF4517B 
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A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy. = 50 pF; input transition times < 20 ns 


V 


Minimum clock 5 95 190 ns 
pulse width; LOW | 10 | twepi 40 80 sons 
15 30 60 ns 
pet UP Ene : 30 10 oe see also waveforms 
On, D —» CP 10 | toy 25 5 ns Fig. A 
15 20 5 ns ak 
Hold time 5 45 15 ns 
O,, D —> CP 10 | thold 30 10 ns 
15 25 10 ns 
3-state propagation 
delays 
| Output disable times 
PE/EO —» Oy, 5 40 80 ns 
HIGH 10 tpH7 30 60 ns 
15 25 50 ns 
5 50 100 ~—sns 
LOW 10 tp 7 30 60 ns 


Output enable times 
PE/EO —» 0, 
HIGH 


LOW 


Maximum clock 
pulse frequency 
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Dual 64-bit static shift register HEF4517B 
LSI 


CP INPUT 


7Z74570.1 


Fig. 4 Waveforms showing minimum clock pulse width, set-up and hold times for O, (as data input) 
and D to CP. 


| | October 1980 -491 


HEF 4518B 
Ms! 


-_ 
DUAL BCD COUNTER as 


The HEF4518B is a dual 4-bit internally synchronous BCD counter. The counter has an active HIGH 
clock input (CPQ) and an active LOW clock input (CP 1), buffered outputs from all four bit positions 
(Og to 03) and an active HIGH overriding asynchronous master reset input (MR). The counter ad- 
vances on either the LOW to HIGH transition of the CPg input if CPy is HIGH or the HIGH to LOW 
transition of the CP, input if CPg is LOW. Either CPg or CPy may be used as the clock input to the 
counter and the other clock input may be used as a clock enable input. A HIGH on MR resets the 
counter (Og to 03 = LOW) independent of CP, CP}. 

Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock rise and fall 
times. 


fel fel fal 3) fiz] fai] fol fs 
IVoo MRg O38 O28 Orn Ong CPigCPhp 
7» HEF4518B 

1CPoaCPia Oa Orin Org O74MRa Veg 


Tol tél tl tel il 1s 


7Z69514 


Fig. 2 Pinning diagram. 


HEF4518BP : 16-lead DIL; plastic (SOT-382). 
HEF4518BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
= HEF4518BT : 16-lead mini-pack; plastic 

7269556.1 (SO-16; SOT-109A). 


Fig. 1 Functional diagram. 
PINNING APPLICATION INFORMATION 
CPga, CPgp_ clock inputs (L to H triggered) Some examples of applications for the 
CPi A, CP, B clock inputs (H to L triggered) HEF4518B are: 
MR~a,MRp master reset inputs e Multistage synchronous counting. 
Oga to O03,A_~—«—outputs @ Multistage asynchronous couriting. 
Oop to03p_~ «outputs @ Frequency dividers. 


FAMILY DATA 
see Family Specifications 


Ipp LIMITS category MSI 
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| 7Z275398.2 


| Fig. 3 Logic diagram (one counter). — 


FUNCTION TABLE 


counter advances H = HIGH state (the more positive voltage) 
counter advances L = LOW state (the less positive voltage 

no change X = state is immaterial 

no change J = positive-going transition 

no change \. = negative-going transition 

no change 

Oo to O23 = LOW 


yx 
a PS x E 


Dual BCD counter HEF 4518B 
MSI 


A.C. CHARACTERISTICS 
~Vss =0V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


VpD typical extrapolation 


Propagation delays 


CPp, CP? —» O, 5 120 240 ns 93 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy 55 110 ns 44 ns + (0,23 ns/pF) Cy 
15 40 80 ns 32 ns + (0,16 ns/pF) Cy 
5 120 240 ns 93 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tory 55 110 ns 44 ns + (0,23 ns/pF) Cy 
15 40 80 ns 32 ns + (0,16 ns/pF) Cy 
MR —s O, 5 75 ~=150 ns 48 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy 35 70 ns 24 ns + (0,23 ns/pF) Cy 
15 25 50 ns 17 ns + (0,16 ns/pF) Cy 
Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 10 | tTHL 30 60 ns 9ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy. 
5 60 120 ns 10 ns + (1,0 ns/pF) Cy. 
LOW to HIGH 10 | tTLH 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy 
Minimum CP9 5 60 30 ns 
pulse width; LOW 10 | twepL 30 15 ns 
15 20 10 ns 
Minimum CP 5 60 30 ns 
pulse width; HIGH 10 | twcpyH | 30 15 ns 
15 20 10 ns 
Minimum MR 5 30 15 ns 
pulse width; HIGH 10 | twwRH| 20 10 ns 
15 16 8 ns 
Recovery time 5 50 25 ns | f 
for MR 10 | tava | 30 = 15 ns ee 
15 0 10 ns ae ane? 
Set-up times 5 50 25 ns 
CPg —» CP} 10 | toy 30 15 ns 
15 20 10 ns 
= 5 50 25 ns 
CP, —» CPo 10 | toy 30 15 ns 
15 20 10 ns 
Maximum clock 5 8 16 MHz 
pulse frequency 10 | fmax 15 30 MHz 
15 20 40 MHz 
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HEF 4518B 
MSI 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; input transition times < 20 ns 


DD where 
mae en ee f, = input freq. (MHz) 


fg = output freq. (MHz) 


Dynamic power 750 fj + Z(foC_) x Vpp? C,_ = load capacitance (pF) 
dissipation per 3300 fj + Z(foCL) x Vpp’ X(foC; ) = sum of outputs 
package (P) 8000 fj + Z(foCL) x Vpp? VDp = supply voltage (V) 

CP, INPUT a 
(CP9 = LOW) “we 
~~ tWCPH > 
CPg INPUT ; 
(CP, = HIGH) eae 
—tweeL > 
MR INPUT 50% 
—=twMRH~! "RMR! 7Z69663.1 


Fig. 4 Waveforms showing recovery time for MR; minimum CPo, CP, and MR pulse widths. 


CPg INPUT 


CP, INPUT 450% 
On OUTPUT 0% 


tpLH tpHL 
7269664.2 


Fig. 5 Waveforms showing set-up times for CPg to CP1 and CP to CPo, and propagation delays. 
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HEF 4519B 
MSI 


QUADRUPLE 2-INPUT MULTIPLEXER | 


The HEF4519B provides four multiplexing circuits with common select inputs (Sa, Sp); each circuit 
contains two inputs (Aj, By) and one output (Op). It may be used to select four bits of information 
from one of two sources. 


The ‘A’ inputs are selected when Sa is HIGH, the B inputs when Sp is HIGH. When Sa and Sp are 
HIGH, the output (Oj) is the logical EXCLUSIVE-NOR of the Aj, and By inputs (O, = An © By). 


When Sa and Sp are LOW, the output (O,, ) is LOW, independent of the multiplexer inputs (A, and By). 


The HEF4519B cannot be used to multiplex analogue sans The outputs utilize standard buffers for 
best performance. 


72Z69528.3 


HEF4519BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4519BD: 16-lead DIL: ceramic (cerdip) (SOT-74). 


Senet 420t(‘<‘ se” «HHE4519BT: 16-leadd mini-pack; plastic 
Fig. 2 Pinning diagram. | (SO-16; SOT-109A). 
PINNING 
SA, SB selects inputs (active HIGH) 
Ag to A3 multiplexer inputs 
Bo to B3 multiplexer inputs 
Og to 03 multiplexer outputs 
FAMILY DATA 


see Family Specifications 
IDp LIMITS category MSI 
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Fig. 3 Logic diagram. 


FUNCTION TABLE 


scene entrees tere natn aren emt mn NO REM A tA 


H = HIGH state (the more positive voltage) 
= LOW state (the less positive voltage) 
X = state is immaterial! 
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Quadruple 2-input multiplexer HEF4519B 


MSI 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 


V typical extrapolation 
DD symbol typ max a a 
Propagation delays 

An, Bh —* On 5 95 190 ns 68 ns + (0,55 ns/pF)C_ 
HIGH to LOW 10 tPHL 40 80 ns 29 ns + (0,23 ns/pF)C,_ 
15 30 60 ns 22 ns + (0,16 ns/pF)Cy,_ 

5 80 160 ns 53 ns + (0,55 ns/pF)Cy 

LOW to HIGH 10 tpLy 40 80 ns 29 ns + (0,23 ns/pF)Cy 

15 30 60 ns 22 ns + (0,16 ns/pF)Cy_ 

Sa, SB —* On 5 95 190 ns 68 ns + (0,55 ns/pF)C,_ 
HIGH to LOW 10 tPpHL 40 80 ns 29 ns + (0,23 ns/pF)Ci 
15 30 55 ons 22 ns + (0,16 ns/pF)Cy_ 

5 85 165 ns 58 ns + (0,55 ns/pF)Cy. 

LOW to HIGH 10 tpLH 40 80 ~=ns 29 ns + (0,23 ns/pF)C, 

15 30 60 ns 22 ns + (0,16 ns/pF)C, 

Output transition | 

times 5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy. 

5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 os 6 ns + (0,28 ns/pF) Cy. 


| VppD age | 
a a cag 


te = output! freq. (MHz) 


~ Dynamic power 5 1000 f+ Z(foCL) x Vpp? C,_ = load capacitance (pF) 
dissipation per 10 6000 fj + Z(foCL) x Vpp? 2(foC,_) =sum of outputs 
package (P) 15 | 17000 f+ L(fo9CL) x Vpp’ Vpp = supply voltage (V) 


APPLICATION INFORMATION 
Some examples of applications for the HEF4519B are: 


@ 2-input multiplexers. 
@ True/complement selectors. 
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eo 
DUAL BINARY COUNTER Ga 


The HEF4520B is a dual 4-bit internally synchronous binary counter. The counter has an active HIGH 
clock input (CPg) and an active LOW clock input (CP 1), buffered outputs from all four bit positions 
(Og to 03) and an active HIGH overriding asynchronous master reset input (MR). The counter advances 
on either the LOW to HIGH transition of the CPg input if CPy is HIGH or the HIGH to LOW transition 
of the CP1 input if CPg is LOW. Either CPo or CP1 may be used as the clock input to the counter and 
the other clock input may be used as a clock enable input. A HIGH on MR resets the counter (Oo to 
O03 = LOW) independent of CPo, CP}. 


Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock rise and fall 
times. 


7269516 


Fig. 2 Pinning diagram. 


HEF4520BP : 16-lead DIL; plastic (SOT-38Z). 
eens HEF4520BD: 16-lead DIL; ceramic (cerdip) SOT-74). 
HEF4520BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


Fig. 1 Functional diagram. 


PINNING 

CPga, CPop clock inputs (L to H triggered) 
CP1,, CP1p clock inputs (H to L triggered) 
-MRa,MRp _ master reset inputs 

Ooa to O03, ~~ outputs 

Oop to O3p outputs 


FAMILY DATA 
see Family Specifications 


IDp LIMITS category MSI 
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FUNCTION TABLE 


CP 


3 


penne, 


fe) 
= 


Ar SS = 


ir fh er ee Bi 


counter advances 
counter advances 
no change 

no change 

no change 

no change | 

Og to 03 = LOW 


Fig. 3 Logic diagram (one counter). 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 

X = state is immaterial 

JS = positive-going transition 

‘\. = negative-going transition 


Oy 


03 


FF 


7275396.2 
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Dual binary counter —— 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


Propagation delays 
CPg, CP; —* On 83 ns + (0,55 ns/pF) Cy 


HIGH to LOW 10 | tpy. 50 100 ns 39 ns + (0,23 ns/pF) Cy 
15 40 80 ns 32 ns + (0,16 ns/pF) Cy 

5 110 220 ns 83 ns + (0,55 ns/pF) Cy 

LOW to HIGH 10 | tery 50 100 ns 39 ns + (0,23 ns/pF) Cy 
15 40 80 ns 32 ns + (0,16 ns/pF) Cy. 

MR —® On 5 75 150 ns 48 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy 35 70 ns 24 ns + (0,23 ns/pF) Cy 
1S 25 50 ns 17 ns + (0,16 ns/pF) Cy. 


Output transition 


times 5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy. 
5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 10 | tTLH 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy. 
Minimum CPqg 5 
pulse width; LOW 10 tWCPL 
15 
Minimum CP 5 
pulse width; HIGH 10 | twcrH 
15 
Minimum MR 5 
pulse width; HIGH 10 | twMRH 
15 
serene cine Fe — see also waveforms 
or fe tRMR Figs 4 and 5 
Set-up times 5 
15 
_ 5 
P,P CPo 10 tsy 
15 
Maximum clock 5 
pulse frequency 10 | fmax 
15 
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A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; input transition times < 20 ns 


typical formula for P (uW) 


3.800f, + Z(foCy) x ee 
10 200f; + DifoCL) x Vpp? 


where 
f; = input freq. (MHz) 

fy = output freq. (MHz) 
C,_ = load capacitance (pF) 
X(fgC,_) = sum of outputs 
V pp = supply voltage (V) 


Dynamic power | 
dissipation per 
package (P) 


CP, INPUT : 
(CP9 = LOW) aoe 
—twcPH 


CPg INPUT 
(CP1 = HIGH) 


MR INPUT 


<=twMRH>! trurRi« 7269663.1 


Fig. 4 Waveforms showing recovery time for MR; minimum CPo, CP1 and MR pulse widths. 


CPg INPUT 
CP, INPUT 450% 

—e| tsy —_ 
O, OUTPUT 50% 


'PLH CPHL 
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Fig. 5 Waveforms showing set-up times for CPg to CP; and CP4 to CPg, and propagation delays. 
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Fig. 6 Timing diagram. 
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-~ 
24-STAGE FREQUENCY DIVIDER Gs 


The HEF4521B consists of a chain of 24 toggle flip-flops with an overriding asynchronous master reset 
Input (MR), and an input circuit that allows three modes of operation. The single inverting stage 
(19/09) will function as a crystal oscillator, or in combination with |; as an RC oscillator, or as an 
input buffer for an external oscillator. Low-power operation as a crystal oscillator is enabled by 
connecting external resistors to pins 3 (Vss’) and 5 (Vpp’). 

Each flip-flop divides the frequency of the previous flip-flop by two, consequently the HEF4521B 

will count up to 274 = 16777216. The counting advances on the HIGH to LOW transition of the clock 
(19). The outputs of the last seven stages are available for additional flexibility. 


STAGES 1 to8 
Og 


STAGES 9 to 16 


O16 


STAGES 17 to 24 


mcrae 


Fig. 1 Functional diagram. 


7Z74562.1 


FAMILY DATA eee ae 
Ipp LIMITS category MSI see Family Specifications 
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COUNT CAPACITY 


count capacity 


2'8 = 262 144 
2'9 = 524 288 
27° = 1048576 
| ibe 2?! = 2097 152 

Fig. 2 Pinning diagram. Venom ee 27? = 4194 304 

273 = 8 388 608 
HEF4521BP: 16-lead DIL; plastic (SOT-38Z). 27* = 16777 216 
HEF4521BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4521BT : 16-lead mini-pack; plastic 
(SO-16; SOT-109A). 


contro! 
terminals 


map cure cence rememcnrnar er era cern nte me me aa 


remarks 


071g to O24 


ASAE ELIE A EN CAN ERE 


counter is in three 8-stage sections 


Vpop L in parallel mode; Ig and O4 are 
interconnected (O54 is now input); 
counter is reset by MR 
255 pulses are clocked into Ig, O9 

VoD H (the counter advances on the LOW 
to HIGH transition) 

Vss H Vss is connected to Vss 

Vss H the input Ij is made HIGH 
Vpp _ is connected to Vpp; O9 is 

Vss H now made floating and becomes an 
output; the device is now in the 
27* mode | 

Vsg L counter ripples from an all HIGH 


state to an all LOW state 


A test function has been included for the reduction of the test time required to exercise all 24 counter 
stages. This test function divides the counter into three 8-stage sections by connecting Vss’ to Vpp 
and Vpp’ to Vgs. Via Ig (connected to O7) 255 counts are loaded into each of the 8-stage sections in 
parallel. All flip-flops are now at a HIGH state. The counter is now returned to the normal 24-stage in 
series configuration by connecting Vss’ to Vss and Vpp’ to Vpp. One more pulse is entered into 
input 1g, which will cause the counter to ripple from an all HIGH state to an all LOW state. 
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Fig. 3 Logic diagram; for schematic diagram of clock circuit see Fig. 4. 
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Fig. 4 Schematic diagram of 
clock input circuitry. 
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A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


Vpp | | : 
Propagation delays 


lp —e O12 950 1900 ns 


typical extrapolation 
formula 


923 ns + (0,55 ns/pF) Cy 


HIGH to LOW 350 700 ns 339 ns + (0,23 ns/pF) Cy 
220 440 ns 212 ns + (0,16 ns/pF) Cy 
950 1900 ns 923 ns + (0,55 ns/pF) Cy 
LOW to HIGH 350 700 ns 339 ns + (0,23 ns/pF) Cy 
220 440 ns 212 ns + (0,16 ns/pF) Cy 
On —> On +1 40 80 ns 13 ns + (0,55 ns/pF) Cy 
HIGH to LOW 15 30 ns 4 ns + (0,23 ns/pF) Cy 
10 20 ns 2 ns + (0,16 ns/pF) Cy 
ao 40 80 ns 13 ns + (0,55 ns/pF) Cy 
= LOW to HIGH 16 30 ns 4ns + (0,23 ns/pF) Cy 
—— | 10 20 ns 2 ns + (0,16 ns/pF) Cy 
MR —® On, 120 240 ns 93 ns + (0,55 ns/pF) Cy 
HIGH to LOW 55 110 ns 44 ns + (0,23 ns/pF) Cy 
| 40 80 ns 32 ns + (0,16 ns/pF) Cy 
ly —» 0; 90 180 ns 63 ns + (0,55 ns/pF) Cy 
HIGH to LOW 35 70 ns 24 ns + (0,23 ns/pF) Cy 
25 50 ns 17 ns + (0,16 ns/pF) Cy 
60 120 ns 33 ns + (0,55 ns/pF) Cy 
LOW to HIGH 30 60 ns 19 ns + (0,23 ns/pF) Cy 
20 40 ns 12 ns + (0,16 ns/pF) Cy 
Output transition 

times | 60 120ns 10 ns + (1,0 ns/pF) Cy. 
HIGH to LOW 30 60 ns 9ns + (0,42 ns/pF) Cy 
20 40 ns 6 ns + (0,28 ns/pF) Cy 

60 120 ns 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 30 60 9 ns + (0,42 ns/pF) Cy 


6 ns + (0,28 ns/pF) Cy | 


512 May 1986 


24-stage frequency divider HEF4521B 


A.C. CHARACTERISTICS 
Vss = 90 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


DD symbol | min. typ. max. 
Minimum I9 pulse 5 80 40 ns | 
width; HiGH 10 | twi2H 40 2G ns 
15 30 15 ns 
Minimum MR 5 70 35 ns 
| pulse width; HIGH 10 | twwrRy| 40 20 ns 
15 30 15 ns see also waveforms 
Recovery time 5 20 —10 ns | Fig. 5 
for MR 10 | tryR 15 sag?) ns 
15 15 0 ns 
Maximum clock 5 6 12 MHz 
pulse frequency 10 | fmax 12 25 MHz 
17 35 MHz 


where 
f; = input freq. (MHz) 

fy = output freq. (MHz) 
C,_ = load capacitance (pF) 
X(foCy) = sum of outputs 
VDp = supply voltage (V) 


typical formula for P (uW) 


1200 f + Z(f—Ch) x Vpn? 
5 100 fj + Z(fgCL) x Vpn’ 
13 050 fj + Z(fgCy_) x Vpp’ 


Dynamic power 
dissipation per 
package (P) 


MR INPUT 50% 


—! TWMRH 
I> INPUT 50% 


teaMr- <— eee twi2H <t-— 


7274564 


Fig. 5 Waveforms showing minimum pulse widths for MR and I9, recovery time for MR. 
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APPLICATION INFORMATION 


HEF4521B 


7285109 fae 


(1) Optional for low power operation. 
Fig. 6 Crystal oscillator circuit. 


Typical characteristics for crystal oscillator circuit (Fig. 6): 


500 kHz 50 kHz 
circuit circuit 


Crystal characteristics 
resonance frequency 
crystal cut 
equivalent resistance; Rs 


External resistor/capacitor values 
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24-stage frequency divider HEF 4521B 
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Fig. 7 RC oscillator circuit; 
1 

a) 3x RrexC’ 

fin Hz, R inQ, Cin F. 


; Rg 2 2 RqTc¢, in which: 


7285111 
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Fig. 8 Oscillator frequency as a function of Ry~¢ and C; Vpp = 10 V; test circuit is Fig. 7. 
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APPLICATION INFORMATION (continued) 


R bias = 560kQ2 


vi 
(f = 1 kHz) 


Vss 


7284363.A 


Fig. 9 Test set-up for measuring forward transconductance 
Ofs = dig /dyj at Vo is constant (see also graph Fig. 10). 


7284364 
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ys ae Ll as call | B: average +28, 
i eae | ane C: average --2 s, in which: 
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Fig. 10 Typical forward transconductance gfg as a 
function of the supply voltage at Tampb = 25 OC. 
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7284257.1 


a 


Fig. 11 Voltage gain (V¢Q/Vj as a function Fig. 12 Supply current as a function 
of supply voltage. of supply voltage. 


330k2 


Fig. 13 Test set-up for measuring graphs 
Oy of Figs 11 and 12. 
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PROGRAMMABLE 4-BIT BCD DOWN COUNTER 4 


The HEF4522B is a synchronous programmable 4-bit BCD down counter with an active HIGH and an 
active LOW clock input (CP9, CP7), an asynchronous parallel load input (PL), four parallel inputs (Po 
to P3), a cascade feedback input (CF), four buffered parallel outputs (Og to 03), a terminal count 
output (TC) and an overriding asynchronous master reset input (MR). 


This device is a programmable, cascadable down counter with a decoded TC output for divide-by-n 
applications. In single stage applications the TC output is connected to PL. CF allows cascade divide- 
by-n operation with no additional gates required. 


Information on Pg to P3 is loaded into the counter while PL is HIGH, independent of all other input 
conditions except MR, which must be LOW. When PL and CP are LOW, the counter advances ona 
LOW to HIGH transition of CPg. When PL is LOW and CPo is HIGH, the counter advances on a HIGH 
to LOW transition of CPy. TC is HIGH when the counter is in the zero state (Og = 071 =09 = 023 = LOW) 
and CF is HIGH and PL is LOW. A HIGH on MR resets the counter (Og to 03 = LOW) independent of 
other input conditions. 


Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock rise and fall 


times. 
PARALLEL LOAD 
CIRCUITRY 
7Z74612.2 
Fig. 1 Functional diagram. 
FAMILY DATA | 
see Family Specifications 
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HEF 4522B 


HEF4522BP : 16-lead DIL; plastic (SOT-382Z). 
HEF4522BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4522BT: 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


7274611 
Fig. 2 Pinning diagram. 

PINNING 

PL parallel load input 

PgtoP3 parallel inputs 

GE cascade feedback input 

CP9 clock input (LOW to HIGH, triggered) 

CP clock input (HIGH to LOW, triggered) 

MR asynchronous master reset input 

TC terminal count output 

Og toO3 buffered parallel outputs 

COUNTING MODE FUNCTION TABLE 


CF = HIGH; PL = LOW; MR = LOW 


reset (asynchronous) 
preset (asynchronous) 
no change 

no change 

no change 

no change 

counter advances 
counter advances 


?) 
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L. 


re eee rm XX E 


TUxKer\EKx 


Ar ax eS To 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage} 
X = state is immaterial 

J = positive-going transition 

\. = negative-going transition 
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Programmable 4-bit BCD down counter 


) 


SINGLE STAGE OPERATION 
Divide-by-n; MR = LOW: CF = HIGH; CP, = LOW 


divide TC output 
PL P P P P 
L X X Xx X 10 


one clock 
period 


clock pulse 
HIGH 


Se seed We we ee as a; ee 
fo cei f— el Se a a ee es 
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Fig. 3 State diagram. 
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Programmable 4-bit BCD down counter HEF 4522B 
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A.C. CHARACTERISTICS 
Vos = 0 V; Tamb = 25 °C; input transition times < 20 ns 


where 
f; = input freq. (MHz) 

fy = output freq. (MHz) 
C,_ = load capacitance (pF) 
L(f,C,_) = sum of outputs 
Vpp = supply voltage (V) 


Dynamic power 1000 fj + 2(fgCy) x Vpn? 
dissipation per 10 4000 f, + Z(fgCL) x Vpp’” 


| package (P) 15 10000 f+ Z(foCL) x Vpp? 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 


VoD symbol | min. typ. max. typical extrapolation 
V formula 


150 300 ns 123 ns + (0,55 ns/pF) Cy 


Propagation delays 
CPo, CP —_—-_ On 


HIGH to LOW 65 130 ns 54 ns + (0,23 ns/pF) Cy 
50 100 ns 42 ns + (0,16 ns/pF) Cy. 
150 300 ns 123 ns + (0,55 ns/pF) Cy 
LOW to HIGH 65 130 ns 54 ns + (0,23 ns/pF) Cy 
50 100 ns 42 ns + (0,16 ns/pF) Cy 
CPo, CPy —e- TC 210 420 ns 183 ns + (0,55 ns/pF) Cy 
HIGH to LOW 90 180 ns 79 ns + (0,23 ns/pF) Cy 
70 140 ns 62 ns + (0,16 ns/pF) Cy 
210 420 ns 183 ns + (0,55 ns/pF) Cy 
LOW to HIGH 90 180 ns 79 ns + (0,23 ns/pF) Cy 
70 140 ns 62 ns + (0,16 ns/pF) Cy 
PL —» On 200 400 ns 173 ns + (0,55 ns/pF) Cy 
HIGH to LOW 80 160 ns 69 ns + (0,23 ns/pF) Cy. 
60 120 ns | 52ns+ (0,16 ns/pF) CL 
180 360 ns 153 ns + (0,55 ns/pF) Cy 
LOW to HIGH 70 140 ns 59 ns + (0,23 ns/pF) Cy 
50 100 ns 42 ns + (0,16 ns/pF) Cy 
MR —*» O, 140 280 ns 113 ns + (0,55 ns/pF) Cy 
HIGH to LOW 55 110 ns 44 ns + (0,23 ns/pF) Cy 
40 80 ns 32 ns + (0,16 ns/pF) Cy 

Output transition 
times 60 120 ns 10ns+ (1,0 ns/pF) Cy 
HIGH to LOW 30 60 ns 9 ns + (0,42 ns/pF) Cy 
20 40 ns 6 ns + (0,28 ns/pF) Cy 
60 120 ns 10ns+ (1,0 ns/pF) Cy 
LOW to HIGH 30 60 ns 9 ns + (0,42 ns/pF) Cy. 
20 40 ns 6 ns + (0,28 ns/pF) Cy 
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A.C. CHARACTERISTICS 
Ves =0 V; Tamb * 25 OC; Cy. = 50 pF; input transition times < 20 ns 


VpbD 
V 


Minimum clock 5 
pulse width; CPg 10 tWCPL 
LOW 15 
Minimum clock 5 
pulse width; CP 10 tWCPH 
HIGH 15 
Minimum PL 5 
pulse width; HIGH | 10 tWPLH 
15 | 
Mic Me see also waveforms 
pulse width; HIGH | 10 tWMRH Figs 5 and 6 
| 15 
| Hold time 5 
(Pye PL 10 thold 
15 
| Set-up time 5 
| Paoam PL 10 toy 
15 
Maximum clock 5 
pulse frequency 10 fmax | see note 
Se ed hc i es renee 
Note 


In the divide-by-n mode (PL connected to TC), one has to observe the maximum HIGH to LOW 
propagation delay for CP to TC, before applying the next clock pulse. 
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Programmable 4-bit BCD down counter 


PL INPUT 


P., INPUT 


O,, OUTPUT 


7284145 


Fig. 5 Waveforms showing minimum PL pulse width, propagation delays for PL, P, to Op, and hold 
time for PL to Pp. 


CPg 
INPUT 00% 


<«— tweeL > 


INPUT ) 50% 


l¢— twoPpH —> 


On 


OUTPUT 


bleed =*) SPH. —»| tpl le— 


TC 


OUTPUT 50% 


> #—tpLy arene teu pee 7ZB4144 


Fig. 6 Waveforms showing minimum CPg and CP, pulse widths, propagation delays for CPo, CP to 
On and TC. | 
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APPLICATION INFORMATION 
Some examples of applications for the HEF4522B are: 
® Divide-by-n counter 


® Programmable frequency divider 


cycle inhibit 


O, Og 03 


CP, CLS. Dy) (M.S.D.) 


S n1 


V : V 
PIVOT 6 hte cea Mle hs a grin ot Sanches 200 Poke DD 7284142 
reset 


Fig. 7 Typical application of two HEF4522B circuits in a 2-stage programmable down counter (one 
cycle). S are thumbwheel switches; when open: LOW state. 


Counting cycle: 


— 9 
8 
nO nt 
q 1 
ee Qa  —-——-—» stop at LOW 
L.S.D. counter M.S.D. counter 
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tort 


0, O72 03 


HEF4522B 
(M.S.D.) 


master 


i 7284143 
rese 


Fig. 8 Typical application of two HEF4522B circuits in a 2-stage programmable frequency divider. 
S are thumbwheel switches; when open: LOW state. 


Counting cycle: 


9 
8 


nO n1 


2 
1 
0 0 
L.S.D. counter M.S.D. counter 
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PROGRAMMABLE 4-BIT BINARY DOWN COUNTER 


The HEF4526B is a synchronous programmable 4-bit binary down counter with an active HIGH and an 
active LOW clock input (CPo, CP 1 ), an asynchronous parallel load input (PL), four parallel inputs (Po 
to P3), a cascade feedback input (CF), four buffered parallel outputs (Og to O3), a terminal count 
output (TC) and an overriding asynchronous master reset input (MR). 


This device is a programmable, cascadable down counter with a decoded TC output for divide-by-n 
applications. In single stage applications the TC output is connected to PL. CF allows cascade divide- 
by-n operation with no additional gates required. 


Information on Pg to P3 is loaded into the counter while PL is HIGH, independent of all other input 
conditions except MR, which must be LOW. When PL and CP are LOW, the counter advances on a 
LOW to HIGH transition of CPg. When PL is LOW and CP is HIGH, the counter advances on a HIGH 
to LOW transition of CPy. TC is HIGH when the counter is in the zero state (Og = 07 = O02 = 03 = 
LOW) and CF is HIGH and PL is LOW. A HIGH on MR resets the counter (Og to 03 = LOW) 
independent of other input conditions. 


Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock rise and fall 
times. 


PARALLEL LOAD | 
CIRCUITRY | 


DETECTOR 
Fig. 1 Functional diagram. 


7284109.1 
FAMILY DATA 

see Family Specifications 
IDp LIMITS category MSI 
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HEF 4526B 


PL CP, Po CPg Og Voc] HEF4526BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4526BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4526BT : 16-lead mini-pack; plastic 


ieee (SO-16; SOT-109A). 
Fig. 2 Pinning diagram. 
PINNING 
PL parallel load input 
Po to P3 parallel inputs 
CF cascade feedback input 
CPo clock input (LOW to HIGH, triggered) 
CPy clock input (HIGH to LOW, triggered) 
MR asynchronous master reset input 
TC terminal count output 
Og toO3 + buffered parallel outputs 
COUNTING MODE : 
CF = HIGH; PL= LOW; MR = LOW FUNCTION TABLE 


O 
N 


reset (asynchronous) 
preset (asynchronous) 
no change 

no change 

no change 

no change 

counter advances 
counter advances 


H 
L 
L 
L 
L 
L 
L 
L 


et i ee a 2 
OQ 
mS) 
o) 


CSS eS x x 


H = HIGH state (the more positive voltage) 
L = LOW sstate (the less positive voltage) 
X = state is immaterial 

/ = positive-going transition 

\. = negative-going transition 


03 rl eee 
H H H H | 
H H H L 
H H L H 
H H L L 
H L H H 
H L H L 
H L L H 
H L L L 
L H H H 
L H H L 
L H L H 
L H L L 
L L H H 
L L H L 
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Programmable 4-bit binary down counter 


SINGLE STAGE OPERATION 
Divide-by-n; MR = LOW; CF = HIGH; CP, = LOW 


divide | TC output 
a PO pulse width 


| -| 2 
Pe[errereeezzzrazs| x | 3 | 
= 
7 
7 
a | 
sas 


one clock 
period | 
15 
14 
13 
12 
11 
10 
clock pulse 
HIGH 


—“~NOWAAODNN ®W O 


ae Aenea A Pe RRR RE 


no Operation 


j ; 
cae waa ae a a a a x 
| 
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Poe Pee er ee eee ee 


ee mae een erent etree tt TA Re Ra EP = AN PR NERY TAO 


7Z74616 


Fig. 3 State diagram. 
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Fig. 4 Logic diagram. 
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A.C. CHARACTERISTICS 
Vss = 0 V; Tamp = 25 OC; input transition times < 20 ns 


where 


enema 


VOD typical formula for P (uW) f, = input freq. (MHz) 
et iene hic rts 
Dynamic power 5 1000 fj + Z(fyCL) x Vpp? C._ = load capacitance (pF) 
dissipation per 10 4000 ff, + L(foCL) x Vpp? X(f,C,_) = sum of outputs 


package (P) 15 | 10000 fj + Z(f4Cy) x Vpp’ | Vpp = supply voltage (V) 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


DD eyrAUON: | fHin.... avo cme typical extrapolation 


formula 
Propagation delays 
CP9, CP1 —* On 150 300 ns 123 ns + (0,55 ns/pF) Cy 
HIGH to LOW tpHL 65 130 ns 54 ns + (0,23 ns/pF) Cy 
50 100 ns 42 ns + (0,16 ns/pF) Cy 
150 300 os 123 ns + (0,55 ns/pF) Cy 
LOW to HIGH tPLH 65 130 ns 54 ns + (0,23 ns/pF) Cy. 
50 100 ns 42 ns + (0,16 ns/pF) Cy 
CPp, CP; —» TC 210 420 ns 183 ns + (0,55 ns/pF) C, | 
HIGH to LOW teu 90 180 ns 79 ns + (0,23 ns/pF) Cy 
70 140 ns 62 ns + (0,16 ns/pF) Cy. 
210 420 ns 183 ns + (0,55 ns/pF) Cy 
LOW to HIGH tpLH 90 180 ns 79 ns + (0,23 ns/pF) Cy 
70 140 ns 62 ns + (0,16 ns/pF) Cy 
PL—* 0, 200 400 ns 173 ns + (0,55 ns/pF) Cy. 
HIGH to LOW tpHL 80 160 ns 69 ns + (0,23 ns/pF) Cy 
60 120 ns 52 ns + (0,16 ns/pF) Cy 
180 360 ns 153 ns + (0,55 ns/pF) Cy 
LOW to HIGH tPLH 70 140 ns 59 ns + (0,23 ns/pF) Cy. 
50 100 ns 42 ns + (0,16 ns/pF) Cy 
MR--® On 140 280 ns 113 ns + (0,55 ns/pF) Cy 
HIGH to LOW tpHL 55 110 ns 44 ns + (0,23 ns/pF) Cy, 
40 80 ns 32 ns + (0,16 ns/pF) Cy. 
Output transition 

times 60 120 ns 10 ns + (1,0 ns/pF) Cy. 
HIGH to LOW tTHL 30 60 ns 9 ns + (0,42 ns/pF) Cy 
20 40 ns 6 ns + (0,28 ns/pF) Cy 

60 120 ns 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH tTLH 30 60 ns 9 ns + (0,42 ns/pF) Cy 
20 40 ns 6 ns + (0,28 ns/pF) Cy 
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A.C. CHARACTERISTICS | 
Vsg = 0 V; Tamb = 25 °C; Cy. = 50 pF; input transition times < 20 ns 


Minimum clock 
pulse width CPo 
LOW 


Minimum clock 
pulse width CP, 
HIGH 


Minimum PL 
pulse width; HIGH 


Minimum MR 


pulse width; HIGH see also waveforms 


Figs 5 and6 


Hold time — 
Py, — PL 


Set-up time 
Pa ek 


Maximum clock 


pulse frequency \ see note 
PL = LOW 


Note 


In the divide-by-n mode (PL connected to TC), one has to observe the maximum HIGH to LOW 
propagation delay for CP to TC, before applying the next clock pulse. 


534 | May 1983 


Programmable 4-bit binary down counter HEF4526B 
MSI 


PL INPUT 50% 


+— tweLH —! thold |}¢— 


P_, INPUT 50% 


O,, OUTPUT 


7284145 


Fig. 5 Waveforms showing minimum PL pulse width, propagation delays for PL, P,, to Op, and hold 
time for PL to Pp. 


CPo 
INPUT 50% 
= WORE 
CP, 
INPUT a 
+— twcrH —| _ 
On 
0 
OUTPUT voce 
—>| teHL le— mend tale 
TC 
OUTPUT 
—> @tPLH = tpHL > 7284144 


Fig. 6 Waveforms showing minimum CPg and CP pulse widths, propagation delays for CPo, CP to 
On and TC. | 
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APPLICATION INFORMATION 


Some examples of applications for the HEF4526B are: 


€ Divide-by-n counter 
@ Programmable frequency divider 


cycle inhibit 
| Vop O 


HEF4526B 
CL.5.0.) 


MIR HEF4526B rc | 


| —— M.S.D. 


clock /~ 


master 7Z84142.A 


reset 


Fig. 7 Typical application of two HEF4526B circuits in a 2-stage programmable down counter (one 
cycle). S are thumbwheel switches; when open: LOW state. 


Counting cycle: 


15 
14 


nO n1 


1 1 . 
9 —____» 0» stop at LOW 


L.S.D. counter ™M.S.D. counter 


October 1980 


Programmable 4-bit binary down counter HEF4526B 
MSI 


O, O9 


HEF4526B 
(E.S.D2) 


master 72Z84143.A 
reset 


Fig. 8 Typical application of two HEF4526B circuits in a 2-stage programmable frequency divider. 
S are thumbwheel switches; when open: LOW state. 


Counting cycle: 


15 
14 
nO nt 
2 2 
1 1 
0 0 


L.S.D. counter M.S.D. counter 
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BCD RATE MULTIPLIER 


The HEF4527B is a BCD rate multiplier with two buffered rate outputs (O71 and 04), two buffered 
terminal count outputs (TC and TC), four BCD rate select inputs (Sa, Sp, Sc, Sp), a common clock 
input (CP), a preset input (PL), an overriding asynchronous clear input (CL), a strobe input (STR), a 
cascade input (CAS) and an active LOW count enable input (CE). 

The BCD rate multiplier provides an output pulse rate based upon the BCD input number. For example, 
if 6 is the BCD number, there will be six output pulses for every ten clock input pulses. The output is 
clocked on the negative-going transition of the clock. = 
When CE, STR, CAS, CL and PL are LOW, the rate pulses are available at the outputs O01 and O7, the 
terminal count pulses at TC and TC. 

A HIGH on CL resets the counter, independent of all other input conditions and a rate of 10 pulses is 
available at O7 and 07 when Sp is HIGH. When CE is HIGH, the counter is disabled, the state of the 
outputs (04, 04) depend on the content of the counter. 

A HIGH on PL sets the counter in the ‘9’ state and TC becomes HIGH. 

A HIGH on STR inhibits the outputs 0; and 01. A HIGH on CAS forces the output 01 to HIGH, 
while the state of Oy depends on the inputs Sa to Sp (see lines 1 to 16 of function table). 

This device may be used to perform arithmetic operations. For the add mode and multiply mode see 
Figs 5 and 6. | | 

Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock rise and fall 
times. 


+ 10 
COUNTER 


"7284386 


Fig. 1 Functional diagram. 


FAMILY DATA | 
| see Family Specifications 
IpDp LIMITS catagory MSI 
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HEF4527B 


bow 11] 2 10] vio [EF4527BP : 16-lead DIL; plastic (SOT-38Z). 
CE f HEF4527BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4527BT : 16-lead mini-pack; plastic 
(SO-16; SOT-109A). 


Fig. 2 Pinning diagram. 


PINNING 

CP clock input 

PL preset to ‘9’ input 

Gk. counter clear input 

CE count enable input (active LOW) 
STR strobe input 

CAS cascade input 

SA to SH rate select inputs 

QO, to O01 rate outputs 

TC terminal count output (active HIGH) 
TC terminal count output (active LOW) 
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BCD rate multiplier 
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‘weibeip a1bo7] ¢ ‘bis 


541 
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FUNCTION TABLE 


inputs 


mode of 
operation 


number of pulses 
or logic level 


number of pulses or logic level 


1 

1 

1 

1 

1 

1 rate pulses at 
1 the outputs 
1 depend on the 
1 

1 

1 

1 

1 

1 

1 

1 


et re i ie a 


BCD input 
number at 
SA to Sp 


Sh 2 as ae Se es. SI EE ee aS ec 
ee ie ee ee ee ee ee 


FOnNnwoOAD OWMDDAMDA NOOR WHT 


Lee iS ei OP 


4 
i 
+ 


ae 
1 
5 ae 


CE = H; counter 
disabled 

outputs O41 and O92 
disabled 


— 


X 1 output O4 
disabled 

H L CL=H 

L L counter reset 

X H PL = H; preset 
to ‘9’ 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 


* Same output as the first 16 lines of this function table (depends on the values of Sa to Sp). 
& Depends on internal state of the counter. 
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BCD rate multiplier 


A.C. CHARACTERISTICS Vss = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns. 


men 


parameter VDD symbol | min. typ. max. unit Pypicaetidpelvon 
V formula 
Propagation delays 

CP —* 04,04 5 130 260 ns 103 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 tpyH| 50 100 ns 39 ns + (0,23 ns/pF) Cy 
15 35 70 ns 27 ns + (0,16 ns/pF) Cy 
5 130 260 ns | 103 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 |tpry 50 50 ns 39 ns + (0,23 ns/pF) Cy 
15 35 35 ns 27 ns + (0,16 ns/pF) Cy 
CP —* TC 5 175 350 ons 148 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10) | teu, 65 130 ns 54 ns + (0,23 ns/pF) Cy 
15 45 90 ns 37 ns + (0,16 ns/pF) Cy 
5 160 320 ns | 133 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpry 65 130 ns 54 ns + (0,23 ns/pF) Cy 
15 45 90 ns 37 ns + (0,16 ns/pF) Cy. 
cP —* TC 5 175 350 ns | 148 ns+ (0,55 ns/pF) Cy 
HIGH to LOW 10) | tpyHy 65 130 ns 54 ns + (0,23 ns/pF) Cy 
15 50 100 ons 42 ns + (0,16 ns/pF) Cy 
5 150 300 ns |} 123 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpLy 60 120 ns 49 ns + (0,23 ns/pF) Cy 
15 45 90 ns 37 ns + (0,16 ns/pF) Cy 
CAS — 0, 5 90 180 ns 63 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10) | tpyy 35 70 ns 24 ns + (0,23 ns/pF) Cy 
15 25 50 ns 17 ns + (0,16 ns/pF) Cy 
S 70 140 ns 43 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 |tpLH 30 60 ns 19 ns + (0,23 ns/pF) Cy. 
15 25 50 ns 17 ns + (0,16 ns/pF) Cy. 
STR —®» 0,0; 5 100 200 ns 73 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpHy 40 80 ns 29 ns + (0,23 ns/pF) Cy. 
15 30 60 ns 22 ns + (0,16 ns/pF) Cy 
5 85 170 ns 58 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10) | tpLy a5 70 ns 24 ns + (0,23 ns/pF) Cy 
15 25 50 ns 17 ns + (0,16 ns/pF) Cy. 
CE —®» TC 5 95 190 ns 68 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10) | tpHL 35 70 ns | 24ns+(0,23ns/pF) CL 
15 25 50 ns 17 ns + (0,16 ns/pF) Cy 
5 65 130 ns 38 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpLH 30 60 ns 19 ns + (0,23 ns/pF) Cy 
15 20 40 ns 12 ns + (0,16 ns/pF) Cy. 
CL —» 0; 5 145 290 ns 118 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10) | teu. 55 110 ns 44 ns + (0,23 ns/pF) Cy. 
15 40 80 ns 32 ns + (0,16 ns/pF) Cy 
CL —» 0, 5 145 290 ns} 118ns+ (0,55 ns/pF) CL 
LOW to HIGH 10 | tpLH 55 110 ns 44 ns + (0,23 ns/pF) Cy 
15 40 80 ns 32 ns + (0,16 ns/pF) Cy 
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A.C. CHARACTERISTICS (continued) 
Vss =0 V; Tamb = 25 OC; Cy. = 50 pF; input transition times < 20 ns. 


VDD ., | typical extrapolation 
arameter symbol |min. typ. max. 


Propagation delays 
PL —» 071,04 233 ns + (0,55 ns/pF) Cy 
HIGH to LOW 89 ns + (0,23 ns/pF) Cy 
62 ns + (0,16 ns/pF) Cy 


208 ns + (0,55 ns/pF) Cy. 


LOW to HIGH 79 ns + (0,23 ns/pF) Cy 
42 ns + (0,16 ns/pF) Cy. 


Minimum clock 
pulse width 
HIGH 


Minimum CL 
pulse width; HIGH 


Minimum PL 
pulse width; HIGH 


Set-up times 


CE =» CP 


Recovery times 
CL —®» cP 


PL —. CP 


Maximum clock 
pulse frequency 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; input transition times < 20 ns 


where 

f; = input freq. (MHz) 

fy = output freq. (MHz) 

C,_ = load capacitance (pF) 

X(foCy_) =sum of outputs 
Vpp = supply voltage (V) 


1050 f; + D(foCL) x Vpp? 
4500 fj + D(fgC_) x Vpn? 
10500 fj + Z(foCL) x Vpp? 


Dynamic power 
dissipation per 
package {P) 
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BCD rate multiplier 


CP INPUT 

FF1 OUTPUT 
FF2 OUTPUT 
PES OUTELEE 
FF4 OUTPUT 


R1 


R4 

O, OUTPUT 
Sa =H only 
O, OUTPUT 
Sp =H only 
O, OUTPUT 
Sc =H only 


O, OUTPUT 
Sp =H only 


TC OUTPUT 


TC OUTPUT 


number of 
pulses at 
output O, 


BCD preset number 


Fig. 4 Timing diagram. 
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APPLICATION INFORMATION 
Add mode 


MOST SIGNIFICANT LEAST SIGNIFICANT 
DIGIT DIGIT 


7284385 


clock 


Fig. 5 Two HEF4527B cascaded in the add mode. | 
Output rate = 10" (0,1 BCD, + 0,01 BCD> + 0,01 BCD3 + ........ ), in where n = number of cascaded 
RMs. Example: RM1 preset to 9 and RM2 preset to 4, output rate is 10? (0,1 x 9 x 0,01 x 4) = 94. 


Multiply mode 

MOST SIGNIFICANT LEAST SIGNIFICANT 

DIGIT DIGIT 

HEF 4527B 
P 

. RM2 

CAS Tce 
clock 7284384 


Fig. 6 Two HEF4527B cascaded in the multiply mode. 
Output rate = 10" (0,1 BCD1 x 0,1 BCD x 0,1 BCD3 x......... ), in where n = number of cascaded RMs. 
Example: RM1 preset to 9 and RM2 preset to 4, output rate is 10? (0,1 x 9 x 0,1 x 4) = 36. 
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eo 
DUAL MONOSTABLE MULTIVIBRATOR | 


The HEF4528B is a dual retriggerable-resettable monostable multivibrator. Each multivibrator has an 
active LOW input (Ig), and active HIGH input (14), an active LOW clear direct input (Cp), an output 


(O) and its complement (O), and two pins for connecting the external timing components (Ctc.* 
RCT). 


An external timing capacitor (C;) must be connected between Ct¢ and RCT¢ and an external resistor 
(Ry) must be connected between RCt¢c and Vpp. The duration of the output pulse is determined by 
the external timing components C; and Ry. 


A HIGH to LOW transition on Ig when 11 is LOW or a LOW to HIGH transition on |4 when Io is 
HIGH produces a positive pulse (LOW-HIGH-LOW) on O and a negative pulse (HIGH-LOW-HIGH) 
on O if the Cp is HIGH. A LOW on Cp forces O LOW, O HIGH and inhibits any further pulses until 
Cp is HIGH. 


Cop ‘1B 


lop. OB Op 

HEF4528B 

“Spa lia loa On Oa _Vss | 

15} [6] 8 | 
728434 

Fig. 2 Pinning diagram. 
HEF4528BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4528BD: 16-lead DIL; ceramic (cerdip) (SOT-74), 


HEF4528BT : 16-lead mini-pack; piastic 
(SO-16; SOT-109A). 


PINNING 

loa, lop input (HIGH to LOW triggered) 
l4a,l1B input (LOW to HIGH triggered) 
Cpa, Cog clear direct input (active LOW) 

On, Op output 

Oa, Op complementary output (active LOW) 


Seat aN Crca,CTcR external capacitor connections* 
7282336.1 


RCTC A, external capacitor/ 
Fig. 1 Functional diagram. RCTCB resistor Connections 
* Always connected to ground. t= 


FAMILY DATA 
see Family Specifications 


Ipp LIMITS category MSI 
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O O 7275414.1 


\ 


Fig. 3 Logic diagram (one monostable multivibrator). 
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Dual monostable multivibrator 


FUNCTION TABLE 


inputs 


outputs 


X = state is immaterial 
J = positive-going transition 
\.= negative-going transition 


by Cy and Rt 


A.C. CHARACTERISTICS 
Vss = 0 V: Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 


—— 


| . “pp symbol | min. typ. max. 
Propagation delays 

lo, 14 —» O 5 140 280 

HIGH to LOW 10 | tpyy 50 100 

| 15 35 70 

lo, 14 —» O 5 155 305 

LOW to HIGH 10 | tpy y 60 115 

: | 15 40 80 

| Cp -*O | 5 105 210 

HIGH to LOW 10 | tpt 40 85 

| 15 30 60 

Cp —* O 5 | 120 240 

LOW to HIGH 10 | tppy 50 105 

15 35 70 

Output transition 5 60 120 

times 10 | trTHe | 30 60 

HIGH to LOW 15 20 40 

5 60 120 

LOW to HIGH 10 tTLH 30 60 

15 | 20 40 


A.C. CHARACTERISTICS 


HEF 4528B 
MSI 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 


JUL = positive or negative output pulse; width is determined 


typical extrapolation 
formula 


113 ns + (0,55 ns/pF) Cy, 
39 ns + (0,23 ns/pF) Cy 
27 ns + (0,16 ns/pF) Cy 


128 ns + (0,55 ns/pF) Cy. 
49 ns + (0,23 ns/pF) Cy 
32 ns + (0,16 ns/pF) Cy 
78 ns + (0,55 ns/pF) Cy 

ns | 29 ns + (0,23 ns/pF) Cy 

ns | 22 ns+ (0,16 ns/pF) Cy 
ns 93 ns + (0,55 ns/pF) Cy 
ns | 39ns+ (0,23 ns/pF) Cy, 
ns 27 ns + (0,16 ns/pF) Cy 


ns | 10ns+ (1,0 ns/pF) Cy 


ns 9 ns + (0,42 ns/pF) Cy 
ns 6 ns + (0,28 ns/pF) Cy 
ns 1O0ns+ (1,0 ns/pF) Cy 
ns 9 ns + (0,42 ns/pF) Cy 
ns 6 ns + (0,28 ns/pF) Cy 


Vos = OV; Tamb = 25 OC; input transition times < 20 ns; Ry = 5 kQ; Cy = 15 pF 


4000 fj + 2(fgCy_) x Vpp’ 
20 000 fj + Z(fyC1) x Vpp? 
59 000 fj + Z(f_C_,_) x VppD’ 


Dynamic power 
dissipation per 
package (P) 


f; = input freq. (MHz) 

fy = output freq. (MHz) 
C._ = load capacitance (pF) 
Z(f4C,_) = sum of outputs 
Vpp = supply voltage (V) 
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A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns; see also waveforms Fig. 5. 


YP | smbot min. typ. max. 


Recovery time 5 O —75 
for Cp 10 | trep 0 -—30 
15 O —25 
Minimum Io 5 50 25 
pulse width; LOW 10 | twioL 30 15 
15 20 10 
Minimum 14 5 50 25 
pulse width; HIGH 10 | twi1H 30 15 
15 20 10 
Minimum Cp 25 60 30 
pulse width; LOW 10 | twep~ | 35 15 
| 15 25 10 
Set-up time i e.2 0 —105 
wah be | h 
Cp —lgor ty 10°} tg, 0 —40 = ae oe 
15 0 —25 
Output O pulse eaers ma — 235 
width; HIGH 10 | twoH — 155 note 1 
15 — 140 
Output O pulse 5 — 5,45 
width; HIGH 10 | twoH — 4,95 
15 — 485 
Change in output O 5 _ +3 
pulse width over — 10 | Atwo — +2 
temperature | 15 — +2 
Change in output O 5 — +2 
pulse width over 10 | Atwo “ +1 Vpp t 5% 
Vpp 15 _ +1 
External timing 5 5 — 2000 
resistor 10 | Rt 5 = 2000 
15 5 — 2000 
External timing 5 no limits 
capacitor 10 | C; no limits 
15 no limits 
Notes 


1. Re = 5 k92; Cy = 15 pF; for other Ry, Cy combinations and C, <0,01 uF see graph Fig. 4. 
2. Re = 10 k&2; Cy = 1000 pF; for other Ry, Cy combinations and C; > 0,01 uF use formula 


two = K. Ry-Cy. 

where: two = Output pulse width (s) K = 0,42 for Vpp =5 V 
Ry; = external timing resistor (Q) K = 0,32 for Vpp = 10 V 
Cy = external timing capacitor (F) | K = 0,30 for Vpp = 15 V 


3. Tamb = —40 to +85 OC; Atwo is referenced to two at Tamb = 25 OC. 
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}Ry=10 kQ 


a See 
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Fig. 4 Output pulse width (two) as a function of external timing capacitor (C;). 
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Cp INPUT 50% 


— twcDL—/!<—. tRCcD —~ |= twioL — 


Ig INPUT ae 
(1, = LOW) ‘ 
— = toy + twithH—~ 
1 INPUT eae 
(I = HIGH) ‘i 
O OUTPUT 


7275415 


Fig. 5 Waveforms showing minimum Io, !4 and O pulse widths, set-up and recovery times. Set-up and 
recovery times are shown as positive values but may be specified as negative values. 


APPLICATION INFORMATION 
An example of an application for the HEF4528B is: 


e@ Non-retriggerable monostable multivibrator 


7284350 


Fig. 6 Two examples for a non-retriggerable monostable multivibrator using half of HEF4528B 
(LOW to HIGH and HIGH to LOW triggered). 
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13-INPUT PARITY CHECKER/GENERATOR Gs 


The HEF4531B is a parity checker/generator with 13 parity inputs (Ig to 149) and a parity output (O). 
When the number of parity inputs that are H!GH is even, the output is LOW. When the number of 
parity inputs that are HIGH is odd, the output is HIGH. For words of 12 bits or less, the output can be 
used to generate either odd or even parity by appropriate termination of the unused parity input(s). 
For words of 14 or more bits, the devices can be cascaded by connecting the output of one device to 
any parity input of another device. When cascading devices, it is recommended that the output of one 
device be connected to the |49 input of the other device since there is less delay to the output from 
the 142 input than from any other input (Ig to 144). 


O is HIGH if any odd number of inputs is HIGH 


9 7274619.1 


Fig. 1 Functional diagram. 


7274618 


Fig. 2 Pinning diagram. 


HEF4531BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4531BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4531BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


FAMILY DATA 
see Family Specifications 


IpDp LIMITS category MSI 


@ Products approved to CECC 90 104-078. May 1983 
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Fig. 3 Logic diagram. 


FUNCTION TABLE 


- lo Wy la tg 4 ts le ty Ig lg tot M2 


i ok te Me le RO EE. CO 
any odd number of inputs HIGH 
any even number of inputs HIGH 
H WH H H H H H HH HH 


neem nn No tarersen emcee tert anh rte emane nazaren EAE mA APP rR sme NE Ae REO Utne! as AteneArenmanin emma 


| 
| 
| H HH 


H = HIGH state (the more positive voltage) 
| = LOW state (the less positive voltage) 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; input transition times < 20 ns 


h 
typical formula for P (uW) where 


f; = input freq. (MHz) 
ieee lero ie enero f= output freq. (MHz) 
Dynamic power 425 fj + X(foCL) x Vpp”? | CL =load capacitance (pF) 
dissipation per 2 400 f, + Z(foCL) x Vpp? | 2YlfoCL) =sum of outputs 
package (P) 7 700 f; + Z(foCL) x Vpp? Vpp = supply voltage (V) 
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13-input parity checker/generator HEF 4531B 
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A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


typical extrapolation 


oD symbol typ max fanrautie 
Propagation delays 

Ip toly, —~ O 5 145 290 ns 118 ns + (0,55 ns/pF) Cy. 
HIGH to LOW 10 tPHL 60 120° ns 49 ns + (0,23 ns/pF) Cy 
15 45 90 ns 37 ns + (0,16 ns/pF) Cy 
5 135 270 ns 108 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 tPLH 55 110 ns 44 ns + (0,23 ns/pF) Cy 
15 45 90 ns 37 ns + (0,16 ns/pF) Cy 
ljg —~ 0 5 105 210° ns 78 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 tPHL 45 90 ns 34 ns + (0,23 ns/pF) Cy 
15 35 70 ns 27 ns + (0,16 ns/pF) Cy 
5 85 170 ns 58 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 tPLH 35 70 sons 24 ns + (0,23 ns/pF) Cy. 


17 ns + (0,16 ns/pF) Cy 


Output transition 
times 
HIGH to LOW 


10 ns + (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy. 
6 ns + (0,28 ns/pF) Cy 

( 
( 
( 


10 ns + (1,0 ns/pF) Cy. 
9ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 


LOW to HIGH 
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8-INPUT PRIORITY ENCODER a 


The HEF4532B is an 8-input priority encoder with eight active HIGH priority inputs (Ig to !7), three 
active HIGH outputs (Og to O92), an active HIGH enable input (Ej,), an active HIGH enable output 
(Equt) and an active HIGH group select output (GS). 

Data is accepted on inputs Ig to |7. The binary code corresponding to the highest priority input (Ig to 
|7) which is HIGH, is generated on Og to O9 if Ejn is HIGH. Input I7 is assigned the highest priority. 
GS is HIGH when one or more priority inputs and Ej, are HIGH. Egy is HIGH when Ig to l7 are LOW 
and Ejn is HIGH. Ej,, when LOW, forces all outputs (Og to O09, GS, Eoyz) LOW. | 


PRIORITY 
ENCODER 


Fig. 1 Functional diagram. 


7275371.1 


HEF4532BP : 16-lead DIL; plastic (SOT-38Z). 


HEF4532BT : 16-lead mini-pack; plastic 
(SO-16; SOT-109A). 


PINNING 
Io to I7 priority inputs 
Ein enable input 
: E enable output 
7Z75365.1 Our 
Fig. 2 Pinning diagram. GS group select output 


Og toO9 outputs 
FAMILY DATA 


see Family Specifications 


IDp LIMITS category MSI 


= Products approved to CECC 90 104-079. May 1983 


HEF4532BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
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8-bit priority encoder HEF 4532B 
MSI 


TRUTH TABLE 


outputs 


inputs 


| LiX |X |X |X |X |X |X | xX a ee am ae ee L 

Aa i oe mae rs ms Be Weslee Mee. SB H 

) H|H |X |X |X |X |X |X | xX H | H | Hj H L 
H}L |H |X |}X |X |X |X | xX H}Hj;HEL L 
Hj;L}L |}H |X 1X 1X |X |} xX H}Hj|L|H L 
HjL |b |b |}H |X |X |X | xX is HOR ie ee ee L 
Pes hake i ils: aie Pee sEe SIL, pee St DK le H |}L|H{H L 
H |e FL L L L |H |X | X H} tL} HEL L 
Pe Gee MIE. ities. ETL. ued? Shiba. Mest: vy 2k BP es le SA ie 
ete. rides, 2s GED Ts tT. Al Hi bL Pee L 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 


LOGIC EQUATIONS 

O2 =Ejn' (lgt+l5 + lg +17) 

Oy = Ein: (Io Ig-ls + 13° 1qs lg + Ig + 17) 

Oo = Ejn: (14° 1a lq- lg + Ig: las lg t+ 15° Ig + 17) 
Eout = Ein’ lo! -l2- 13-14: l5-lg- 17 

GS = Ein (Igtly+lot+ig+l4+ ig + lg tly) 


A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 OC; input transition times < 20 ns 


VpD where 
MP ice leer eae fj = input freq. (MHz) 


fg = output freq. (MHz) 


Dynamic power 1 620 fj + Z(foCy_) x Vop? C, =load capacitance (pF) 
dissipation per 6 600 fj + Z(fgCy_) x VoD? X(fyC;) =sum of outputs 
package (P) 15 970 fj + Z(fgCy_) x Vpp? Vpp = supply voltage (V) 


October 1980 559 


mR SAAoR 


HEF 4532B 
MSI 


A.C. CHARACTERISTICS 
Vos =0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns; see also waveforms Fig. 4 


typical extrapolation 
formula 


symbol 


Propagation delays 


Ein — Eout 95 190 ns 68 ns + (0,55 ns/pF) Cy 
HIGH to LOW 45 90 ns 34 ns + (0,23 ns/pF) Cy 
: 35 70 sons 27 ns + (0,16 ns/pF) Cy 
5 80 160 ns 53 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpry 35 70 sons 24 ns + (0,23 ns/pF) Cy. 
15 30 60 ns 22 ns + (0,16 ns/pF) Cy 
iy ee GS 5 85 170 ns 58 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpHy 45 90 ~—sons 34 ns + (0,23 ns/pF) Cy 
15 35 70 sons 27 ns + (0,16 ns/pF) Cy 
5 80 160 ns 53 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpry 40 80  ~=—ons 29 ns + (0,23 ns/pF) Cy 
15 30 60  ~—ns 22 ns + (0,16 ns/pF) Cy 
Eig: = 0, 5 80 160 ns 53 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tp 40 80 ns 29 ns + (0,23 ns/pF) Cy 
15 30 60 ns 22 ns + (0,16 ns/pF) Cy. 
6 85 170 ns 58 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpey 40 80  =ns 29 ns + (0,23 ns/pF) Cy 
15 30 60 ns 22 ns + (0,16 ns/pF) Cy 
ia. OR 5 115 230 ns 88 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | teu 50 100 ons 39 ns + (0,23 ns/pF) Cy 
15 35 70 sons 27 ns + (0,16 ns/pF) Cy 
9 115 230 ~+”S 88 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpey 50 100 «OS 39 ns + (0,23 ns/pF) Cy 
15 35 70 ons 27 ns + (0,16 ns/pF) Cy 
I, —= GS 5 115 230 ons 88 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy 50 100 ns 39 ns + (0,23 ns/pF) Cy. 
15 40 80 ns 32 ns + (0,16 ns/pF) Cy 
5 115 230 ns 88 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpry 50 100 ns 39 ns + (0,23 ns/pF) Cy 
15 40 80 ns 32 ns + (0,16 ns/pF) Cy 

Output transition 5 60 120 1s 10 ns + (1,0 ns/pF) Cy 
times 10: | tra. 30 60 ~—sins Q9ns + (0,42 ns/pF) Cy. 
HIGH to LOW 15 20 40 ~—ons 6 ns + (0,28 ns/pF) Cy. 

5 60 120 ns 10 ns + (1,0 ns/pF) Cy. 
LOW to HIGH 10 | tThy 30 60 9 ns + (0,42 ns/pF) Cy) 
15 20 40 6 ns + (0,28 ns/pF) Cy 
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8-bit priority encoder HEF4532B 
| MSI 
oe ee 


Ig INPUT 50% 

1, INPUT | 50% 
I> INPUT 
13 INPUT 
lq INPUT 
I5 INPUT 
lg INPUT 
I7 INPUT 


Ein INPUT 


GS OUTPUT 
Og OUTPUT 
O, OUTPUT 
Oy OUTPUT 
tTpLH el la tPHL —eI le 
7Z275377.1 


Fig. 4 Waveforms showing propagation delays from inputs to outputs. 
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HEF 4532B 
MSI 


APPLICATION INFORMATION 

Some examples of applications for the HEF4532B are: 
@ Priority encoder 

@ Keyboard encoder 


enable 0.’ 
input 
fea) 
N 
oe) 
; iT?) 
inputs ri 
8 to 15 uy if ~~ 
3 
Tees 
a | 
eS 05 
ed 0; 
i +1 ° 
| faa) 
1 3 
inputs | t 0; HEF4071B 
Oto 7 | oz 
I Oo 
| 
1 
{ 
lo = E'out 
7285106 


Fig. 5 16-level priority encoder. 
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8-input priority encoder HEF 4532B 
MS! 


1/4 HEF4071B 


ipo 9 04’ 
input 8 


1/6 HEF4069UB 


inputs 
Oto7 


HEF4532B 


7285107 


Fig. 6 O-to-9 keyboard encoder. 


TRUTH TABLE (for Fig. 6) 


i n pu ts : ee } outputs 
x x |e TH{|ei ela 
x nee ae i st a 
x x |H|L|H] HA 
x xX |HILI|H] HEL 
x Xx |HI|L]J HTL] A 
H X}H] EP HPL] L 
LJeyHIix |x} x }aHicyo] aya 
LJe;eiHyx]x Hey Le] He 
See cee et ae en ee eee 
Ope Cee ee ee eee ae ee 


H = HIGH state (the more positive voltage) 
L. = LOW state (the less positive voltage) 
X = state is immaterial 
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HEF 4534B 
LSI 


| - 
REAL TIME 5-DECADE COUNTER Gar 


The HEF4534B is a 5-decade ripple counter. The binary outputs of the decade counters are time- 
multiplexed by an internal scanner on four BCD outputs (Og to 03). The selected decade is indicated 
by a logic HIGH on the appropriate digit select output (OSq: units, 1;OS 4: tens, 10; OSg: hundreds, 
107; OS3: thousands, 10°; OSq: ten thousands, 10%). 


The binary outputs (Og to 03) and the select outputs (OSg to OS4) are 3-state controlled via enable 
inputs EO and EOS respectively, allowing interface with other bus orientated devices. Cascading may 
be accomplished by using the carry out (TC). The counter is triggered by a LOW to HIGH transition 
on the decade clock (CPA) and is reset by a HIGH level on the master reset (MR). The scanner is 
triggered by a LOW to HIGH transition on the scanner clock (CPS) and is reset (select ten thousand 
counter) by a HIGH level on the scanner reset (MRgg). 


The counter can operate in four modes depending on the state of the mode select inputs (Sa, Sp). The 
error detector will detect an error when a positive edge on CPA is not accompanied by a negative edge 
on the error detector clock CPE or vice versa, within time limits adjusted by external capacitors 
connected to Cayz 1 and Cay¢ 2. Three or more detected errors result in a HIGH level on the error 
output (OER). The error detector is reset by a HIGH level on MR. 


Schmitt-trigger action in the clock inputs makes the circuit highly tolerant to slower clock rise and 
fall times. 


VpD CPE Cext2 EO 09 0; O07 03 OS3 EGS OS? TC] 


HEF4534B 


7Z74602.1 
Fig. 1 Pinning diagram. 

HEF4534BP : 24-lead DIL; plastic (SOT-101A). 

HEF4534BD: 24-lead DIL; ceramic (cerdip) (SOT-94). 

HEF4534BT : 24-lead mini-pack; plastic (SO-24; SOT-137A). 

PINNING 

O71 toO3 BCD outputs CPE error detector clock input 

OSg to OS3_~— digit select outputs SA, 9B mode select inputs 

OER error output MR master reset input 

CPA decade clock input MRge¢ scanner reset input 

CPS scanner clock input TC carry out 

FAMILY DATA 


see Family Specifications 
Ipp LIMITS category LSI 
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HEF 4534B 
LSI 


Cext2 Cext1 OER MR, CPS 
PULSE 
ERROR 


ay PULSE ONE 
CPE —~T SHAPER | ol sHor [° 
: DETECTOR —L 
PULSE , ONE PULSE 
CPA ——) SHAPER Fe @ . SHAPER =a 


ue Pel [cD CP 7 
i a | 


Tc Fig. 2 Functional block diagram. 7274603.1 


566 October 1980 


Real time 5-decade counter HEF 4534B 
LS! 


MODE CONTROL FUNCTION TABLE 


1st decade 
output 


select inputs carry to 2nd stage | carry to 4th stage 


at 9 to O transition 
of the 3rd decade 


at 9 to O transition 
of the 1st decade 


normal count 
and display 


| 5-decade 
bc counter 


(te test purposes: 

clock directly into 
oa 
—. 


inhibited input clock input clock 


stages 1, 2 and 4 —— 


4-decade counter 


at 9 to O transition 
of the 3rd decade 


at 4 to 5 transition 


afte iehdesade with=10 and round- 


| off at front end 


{ 4-decade counter; 
| %-pence capability 


at 9 to O transition 
of the 3rd decade 


MR INPUT | ae en eee Ae Ee ae eS 


CPA INPUT cay one Oe ene i ot ea 


CPE INPUT 


at 7 to 8 transition 
of the 1st decade 


l | | | | 
good error 1 error 2 good error 3 good error 4 


OER OUTPUT oe  ~*C 


Fig. 3 Error detection timing diagram. 


The skew time is the time difference between the LOW to HIGH transition of CPA and the HIGH to 
LOW transition of CPE or vice versa (see Fig. 4). The skew time is typically proportional to the 
external capacitor (Cay) connected from Cay¢1 and Cey42 (pins 1 and 22) to Vss. The error detector 
will count an error when a positive edge on the counter clock CPA is not succeeded by a negative edge 
on the error detector clock CPE within a skew time ts (adjustable by Cyy44 at pin 1). The same 
holds for a negative edge at CPE succeeded by a positive on CPA within a skew time tgxa (adjustable 
by Cext2 at pin 22). If error detection is not needed, CPE must be either HIGH or LOW and no Cay 
is applied. For further information see Fig. 5. 


aad TWCPA el no error 


counter r-- 
CPA | : [ 


AOMERIOR error counted 
counter 7 


--4 error counted 
i] 


©) 
m 


<j-—- 


feces ba 
eae no error ~~ SKI SK2 | 
counter = TWCPE a 


7282677 
Fig. 4 Skew times timing diagram; twcopa > tsk1; twcPE > tsK2- 
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HEF4534B 


LSI 


ie Se ee a eynas —+— Ef} — 

ee ee ee ep] 
ee ae ee i a 
IRS ee ee eee |e ee ee 
iit tT | | | UT 
Ce ee eee ee 5 | ee 
ae ee ee ee a ee 


7282676 
Vpp (V) 


10 


Meritt a 
ee a ee | ee |e ae 
ise a aa ee 
Hitt tT | | ZT TIT YZ 
ne ey ee ee ae: 

FR a Sa SS 2 AY 

ihe ae ee Sey ee ee 
EE Ya a 


Fig. 5 Typical clock skew as a function of the supply voltage. This graph is accurate for Co, 2100 pF 


2. Skew in the area between max. and min. curves may or may not result in counted error. 


1. Skew in this area results in counted error. 
3. Skew in this area results in no error counted. 


©O 
re) 
LO LO 
N f 
lI > 
o 
N = i) 
S vac 2 
2s = 26 
= ra] =a 


MR INPUT 


ms, 


2 


= 
~ 
a. 
= 
< 
a. 
O 


TC OUTPUT 


=L 


if Sa 
TC OUTPUT 


=H; 


if Sp 


Sp = H 


TC OUTPUT 


=H; 


if Sa 


7Z74598.1 


Sp =L 


Fig. 6 Carry timing diagram. 


© 
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Real time 5-decade counter HEF4534B 
LSI 


CPS INPUT 


MR, INPUT 


OSg OUTPUT — —i—‘“‘“‘“‘aYl 
OS, OUTPUT 


OS» OUTPUT 


OS3 OUTPUT 


OS, OUTPUT 
7Z274601.1 


Fig. 7 Scanner timing diagram. 
Note: If Sp = H, the 1st decade is inhibited and the cycle will be shortened to four stages (see dotted 


lines). 


1 2 10 102 103 104 10° 


CEN ee ee etl Lee Men ES LL. 
OGD ARM, We, ee, he ee ee 


Se oe ee ee ee 


ee ee ee 
10 (D3) cement aed nk ame 
103 (D4) | Meee He 


Og 10% (D5) | is re 


7Z274599.1 


O 
© 


O 
-) 


Fig. 8 Counter timing diagram. 
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HEF 4534B 
LSI 


A.C. CHARACTERISTICS 


Vss =0 V; Tamb = 25 PC; Cy. = 50 pF; input transition times < 20 ns 


Propagation delays 
CPA —®* Oy 
D1 selected 

HIGH to LOW 


LOW to HIGH 


D5 selected 
HIGH to LOW 


LOW to HIGH 


CPA —® TC 
LOW to HIGH 


MIR a ad On 
HIGH to LOW 


MR —» OER 
HIGH to LOW 


HIGH to LOW 


LOW to HIGH 


CPS —» 0S, 
HIGH to LOW 


CPA —» OS, 
LOW to HIGH 


Output transition 
times 
HIGH to LOW 


LOW to HIGH 


October 1980 


VDD 


symbol 


TPHL 


'PLH 


TPHL 


TPLH 


'PLH 


tTPHL 


TPHL 


TPHL 


tPLH 


TPHL 


tPLH 


tTHL 


tTLH 


min. 


typ. 


max. 


typical extrapolation 
formula 


283 ns + (0,55 ns/pF) Cy 
119 ns + (0,23 ns/pF) Cy 
87 ns + (0,16 ns/pF) Cy 


213 ns + (0,55 ns/pF) Cy 
89 ns + (0,23 ns/pF) Cy. 
67 ns + (0,16 ns/pF) Cy 


$23 ns + (0,55 ns/pF) Cy 
219 ns + (0,23 ns/pF) Cy, 
162 ns + (0,16 ns/pF) Cy 


523 ns + (0,55 ns/pF) Cy 
219 ns + (0,23 ns/pF) Cy 
162 ns + (0,16 ns/pF) Cy. 


393 ns + (0,55 ns/pF) Cy 
179 ns + (0,23 ns/pF) Cy 
132 ns + (0,16 ns/pF) Cy 


173 ns + (0,55 ns/pF) Ci 
74 ns + (0,23 ns/pF) Cy. 
52 ns + (0,16 ns/pF) Cy 


113 ns + (0,55 ns/pF) Cy. 
54 ns + (0,23 ns/pF) Cr 
42 ns + (0,16 ns/pF) Cy. 


198 ns + (0,55 ns/pF) Cy. 
84 ns + (0,23 ns/pF) Cy 
62 ns + (0,16 ns/pF) Cy 


198 ns + (0,55 ns/pF) Cy 
84 ns + (0,23 ns/pF) Cy 
62 ns + (0,16 ns/pF) Cy. 


143 ns + (0,55 ns/pF) Cy 
59 ns + (0,23 ns/pF) Cy 
42 ns + (0,16 ns/pF) CL 

143 ns + (0,55 ns/pF) Cy 

59 ns + (0,23 ns/pF) Cy 

42 ns + (0,16 ns/pF) Cy. 


10 ns + (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 

10 ns + (1,0 ns/pF) Cy 
9 ns + (0,42 ns/pF) Cy 

6 ns + (0,28 ns/pF) Cy 


Rea! time 5-decade counter HEF4534B 
LSI 


A.C. CHARACTERISTICS 
Vss = 9 V; Tamb = 25 PC; Cy = 50 pF; input transition times < 20 ns 


3-state propagation 


delays 
Output disable times | 
| EO —® 0,; 5 
EOS —» OS, 10 
HIGH 15 
5 
LOW 10 
15 
Output enable times 
EOS —» OS, 10 
HIGH 15 
5 
LOW 10 
15 
| Minimum clock pulse 5 
width; CPA, CPS 10 
HIGH 15 
Minimum reset pulse 5 
width; MR, MRec¢ 10 
HIGH 15 
Recovery time 5 
for MR 10 


Recovery time 
for MRee 


Maximum clock 
pulse frequency 
CPA and CPS 


where 

f; = input freq. (MHz) 

fo = output freq. (MHz) 

Dynamic power 1100 f+ Z(fgC,) x Vpp’ C,_ = load cap. (pF) 
dissipation per 4800 f} + Z(foCL) x Vpp? X(foC,_) =sum of outputs 
package (P)* 12 000 fj + Z(foCL) x Vpp’ Vpp = supply voltage (V) 


typical formula for P (uW) 


* Cext = 0. 
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HEF 4534B 


LSI 


APPLICATION INFORMATION 


HEF4534B HEF4534B 


7282678 


Fig. 9 Two HEF4534B ICs connected for cascade operation. TC is HIGH for a single clock period 
when all five BCD decades go to zero. TC also goes HIGH when MR is applied. 


oF BDC for 
HEF4534B selected 
O02 -| decade 


O oy oF O O 


7282679 


Fig. 10 Forcing a decade to the O,, outputs. When the O, outputs of a given decade are required, this 
configuration will lock-up the selected decade within four clock cycles. The select line feed back may 
be hardwired or switched. 
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HEF 4538B 
MSI 


DUAL PRECISION MONOSTABLE MULTIVIBRATOR 


The HEF4538B is a dual retriggerable-resettable monostable multivibrator. Each multivibrator has an 
active LOW trigger/retrigger input (Ig), an active HIGH trigger/retrigger input (14), an overriding active 
LOW direct reset input (Cp), an output (O) and its complement (0), and two pins (Ct¢* RCT¢) for 
connecting the external timing components C; and Ry. Typical pulse width variation over temperature 


range is + 0,2%. 


The HEF4538B may be triggered by either the positive or the negative edges of the input pulse and 
will produce an accurate output pulse with a pulse width range of 10 us to infinity. The duration and 
accuracy of the output pulse are determined by the external timing components C; and Ry. The output 
pulse width (T) is equal to Ry x Cy. The linear design techniques in LOCMOS guarantee precise control 


of the output pulse width. 


A LOW level at CD terminates the output pulse immediately. The minimum reset pulse width depends 


on the value of the external timing capacitor Cy. 


Schmitt-trigger action in the trigger inputs makes the circuit highly tolerant to slower rise and fall times. 


7282335.1 


Fig. 2 Pinning diagram. 


HEF4538BP : 16-lead DIL; plastic (SOT-38Z). 

HEF4538BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 

HEF4538BT : 16-lead mini-pack; plastic 
(SO-16; SOT-109A). 


PINNING 

‘Toa, lop input (HIGH to LOW triggered) 

laa, 1B input (LOW to HIGH triggered) 

Cpa, Cppg __ direct reset input (active LOW) 

Oa, Op output 

On, Op complementary output (active LOW) 
7282336.1 Ctc A, CTC B external capacitor connections* 

Fg, 1 Functional gram a 


* Always connected to ground. 


FAMILY DATA; Ipp LIMITS category MSI: see Family specifications. 
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HEF 4538B 
Msi 


May 60 


Fig. 3 Logic diagram. 


Dual precision monostable multivibrator HEF 4538B 
MSI 


FUNCTION TABLE 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 

X = state is immaterial 

/ = positive-going transition 

\. = negative-going transition 

JL= positive output pulse 

LU = negative output pulse 


Fig. 4 Connection of the external timing 
components R; and Cy. 


Cy 72Z82337.1 


D.C. CHARACTERISTICS 
Vss=OV 


Tamb (OC) 


+ 25 + 85 
typ. max. typ. max. 


Supply current 
active state 
(see note) 


Input leakage 
current 
(pins 2 and 14) 


Note 
Only one monostable is switching: current present during output pulse (output O is HIGH). 
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A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 


Propagation delays 
‘lo, Il; —» O 
HIGH to LOW 


To, 14 —» O 
LOW to HIGH 


Cp —» O 
HIGH to LOW 


Cp —»> 0 
LOW to HIGH 


Recovery times 
Cp — ‘lo, 4 


Retrigger times 
0,O—+ lo, |4 


Minimum Ig 
pulse width; LOW 


Minimum 14 
pulse width; HIGH 


Output O or O 
pulse width 


Output O or O 
pulse width 


Output O or O 
pulse width 


May 1983 


VpbpD 
V 


typical extrapolation 
formula 


symbol | in typ. max. 


173 ns + (0,55 ns/pF) Cy 
79 ns + (0,23 ns/pF) Cy 
52 ns + (0,16 ns/pF) Cy. 


193 ns + (0,55 ns/pF) Cy 
74 ns + (0,23 ns/pF) Cy 
52 ns + (0,16 ns/pF) Cy 


98 ns + (0,55 ns/pF) Cy 
44 ns + (0,23 ns/pF) Cy. 
32 ns + (0,16 ns/pF) Cy. 


98 ns + (0,55 ns/pF) Cy 
44 ns + (0,23 ns/pF) Cy. 
32 ns + (0,16 ns/pF) Cy 


45 90 ns 
15 30 ns 
12 24 


25 50 
12 24 ~—sns 
10 20 


218 230 242 
213 224 235 us 
211 223 234 


103 108 11,3 
10,2 10,7. 11,2 ms 
10,1 106 11,1 ms 
1,01 1,09 1,11s 
0,99 1,04 1,09s 
0,99 1,04 1,09s 


Dual precision monostable multivibrator HEF 4538B 
MSI 


A.C. CHARACTERISTICS 


freed Aft gs ta tia A oe toca a oe { area Aaa 

Change in output O 5 +0,2 % 

pulse width over 10 | Atwo + 0,2 % 

temperature (Tamp) | 15 + 0,2 % 
Change in output O 

pulse width over Atwo 5 % 

Vpp range 5 to 15 V 
Pulse width variation 5 | % 

between circuits 10 | Atwo + % aes bie ae : 

in same package 15 +4 % sear eon 


External timing 
resistor Rt 5 os a kQQ 


External timing 


| Capacitor Cy 2000 — = nolimits pF 
Input capacitance 
| (pin 2 or 14) Cin | 15 pF 


* The maximum permissible resistance Ry, which holds the specified accuracy of two, depends on the 
leakage current of the capacitor C; and the leakage of the HEF4538B. 
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|, INPUT 
(I= HIGH) 


Tg INPUT 
(1, = Low) 


Cp INPUT 


O OUTPUT 


O OUTPUT 


7282339.2 


50% 


—+twih > 


a)! i Ep 


Ysoy, 


+ twioL > 


—=— tPLH 


tRo |+— 


—_—->| = |<-« 


PHL 


trep-> <—__. 


50% 


a | 


tPLH 


~—4— 
tpLH 

—pe} 0 i x 

TPHL. 


Fig. 5 Waveforms showing minimum lo, l7,O and Cp pulse widths, recovery times and propagation delays. 
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(1) Positive edge triggering. 

(2) Positive edge re-triggering (pulse lengthening). 
(3) Negative edge triggering. 

(4) Reset (pulse shortening). 

(5) T= Ry Xx Cy. 


Fig. 6 Timing diagram. 
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Fig. 7 Typical normalized change in output pulse width as a function of ambient temperature; 


0% at Vpp = 10 V and Tamp = 25 OC. 


(a) Ry = 100 kQ; Cy = 100 nF. (b) Ry = 100 k22;C, = 2 nF. 
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Fig. 8 Typical normalized change in output pulse 
width as a function of the supply voltage at 
Tamb = 25 °C; 0% at Vpp = 10 V; Ry = 100 kQ. 


Fig. 10 Total supply current as a 
function of the output duty factor; 


Ry = 100 kQ; C, = 100 nF; Cy = 50 pF. 


One monostable multivibrator 
switching only. 


twep (us) 
Fig. 9 Typical minimum reset pulse width 
as a function of Cy;.Ry = 2 kQ. 
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HEF 4539B 


MSI 


-~ 
DUAL 4-INPUT MULTIPLEXER ee 


The HEF4539B is a dual 4-input multiplexer with common select logic. Each multiplexer has four 
multiplexer inputs (lg to 13), an active LOW enable input (E) and a multiplexer output (O). 

When HIGH, E forces O of the respective multiplexer LOW, independent of the select inputs (Sg and 
S1) and Ig to 13. When E is LOW, Sg and Sq determine which multiplexer input (Ig to 13) on each of 
the multiplexers is routed to the respective multiplexer output (O). 


6 15 |4 }3 114 [2 410 [11 412 413 


MULTIPLEXER [| |__| MULTIPLEXER 


AMANO TET FRAO SEAT LEIS ORES CMTE RY ET ME EW ETT NNER IE RIT MOREY SLT APN ITT TN ET OED LESS RI, BIL NIE LOPE LTT 1 


Fig. 1 Functional diagram. 


I3p lop Tip Ion Op] 
HEF4539B 


HEF4539BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4539BD: 16-lead DIL: ceramic (cerdip) (SOT-74). 
HEF4539BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


Isa Toga Tyna Ton On Vs5 


7Z69517 


Fig. 2 Pinning diagram. 


PINNING 
loa: '1A, 120, I3A multiplexer inputs 
lop, l1B, lap, I3p multiplexer inputs 


SQ, 94 select inputs 
En, Ep enable inputs (active LOW) 
Oa, OB multiplexer outputs 


FAMILY DATA 
| see Family Specifications 
Ipp LIMITS category MSI 


% Products approved to CECC 90 104-081. }{ May 1983 


HEF4539B 


_ MSI 
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x 
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7269705.2 O 


Fig. 3 Logic diagram. 


FUNCTION TABLE 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
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Dual 4-input multiplexer HEF 4539B 
MSI 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 °C; Cy. = 50 pF; input transition times < 20 ns 


VDD typical extrapolation 
Vv symbol | min. typ. max. Grea 
lp —* 0 5 120 93 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy, 45 90 ns 34 ns + (0,23 ns/pF) Cy 
15 30 60 ns 22 ns + (0,16 ns/pF) Cy 
5 120 245 ons 93 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpry 50 100 ~=ns 39 ns + (0,23 ns/pF) Cy 
15 35 65 ns 27 ns + (0,16 ns/pF) Cy 
Sn 7" On 5 165 330 os 138 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy 65 125 ns 54 ns + (0,23 ns/pF) Cy 
15 40 80 ons 32 ns + (0,16 ns/pF) Cy 
5 155 310 ns 128 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpry 60 120 ns 49 ns + (0,23 ns/pF) Cy 
15 40 80 ns 32 ns + (0,16 ns/pF) Cy 
E, or O; 5 100 200° ns 73 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy 40 80 ons 29 ns + (0,23 ns/pF) Cy 
15 30 55 ns 22 ns + (0,16 ns/pF) Cy 
5 100 200 ns 73 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpry 40 80 ns 29 ns + (0,23 ns/pF) Cy 
15 30 55 ons 22 ns + (0,16 ns/pF) Cy 
Output transition 

times 5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) Cy 
ES 20 40 ons 6 ns + (0,28 ns/pF) Cy 

5 60 120 ons 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 10 | tTLH 30 60 ~—ins 9ns + (0,42 ns/pF) Cy 
_— - a oe 2 820 40 ns 6 ns + (0,28 ns/pF) Cy 


where 
f; = input freq. (MHz) 

fy = output freq. (MHz) 
Cy, = load capacitance (pF) 
X(foC_) =sum of outputs 
Vpp = supply voltage (V) 


typical formula for P (uW) 


Dynamic power 
dissipation per 
package (P) 


700 f, + X(fgCL) x Vpp’ 
2900 f, + Z(fgCL) x Vpp’ 
8100 fj + ZIf9CL) x Vpp’ 


APPLICATION INFORMATION 
Some examples of applications for the HEF4539B are: 
@ Data selectors. 


@ Data multiplexers. 
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HEF4541B ° 
MSI 


-~ 
PROGRAMMABLE TIMER se 


The HEF4541B is a programmable timer which consists of a 16-stage binary counter, an integrated 
oscillator to be used with external timing components, an automatic power-on reset and output control 
logic. The frequency of the oscillator is determined by the external components Ry and C; within the 
frequency range 1 Hz to 100 kHz. This oscillator may be replaced by an external clock signal at input 
RS, the timer advances on the positive-going transition of RS. A LOW on the auto reset input (AR) 
and a LOW on the master reset input (MR) enables the internal power-on reset. A HIGH level at input 
MR resets the counter independent on all other inputs. Resetting disables the oscillator to provide no 
active power dissipation. 
A HIGH at input AR turns off the power-on reset to provide a low quiescent power dissipation of the 
timer. The 16-stage counter divides the oscillator frequency by 2°, 2'°, 2'? or 2'® depending on the 
state of the address inputs (Ag, Ay). The divided oscillator frequency is available at output O. The phase 
input (PH) features a complementary output signal. If the mode select input (MODE) is LOW or HIGH 
the timer can be used respectively as a single transition timer or 2" frequency divider. 


cp control inputs 
BINARY OUTPUT 


POWER ON Cp COUNTER STAGE 


7283068.2 


Fig. 1 Functional diagram. 


HEF4541BP : 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4541BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
HEF4541BT : 14-lead mini-pack; plastic 

(SO-14; SOT-108A). 


7Z83067.1 
Fig. 2 Pinning diagram. 


FAMILY DATA 
see Family Specifications 
IpDp LIMITS category MSI 
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HEF4541B 
MSE > 


8 
cp 28 COUNTER 
RESET 22 25 28 


ok 
Ao, Aj address inputs ee > >< a -: ie. O 


PINNING 
MODE mode select input | 
AR auto reset input 7Z83070.2 
MR master reset input 
PH phase input Fig. 3 Logic diagram. 
RTc external resistor connection (R;) 
Ctc external capacitor connection (C;) 
external resistor connection (Rs) or external clock input 


RS 


October 1980 


Programmable timer HEF4541B 
MSI 


FREQUENCY SELECTION TABLE 
number of 
counter stages 
n 


auto reset disabled 


auto reset enabled 

master reset active 

normal operation selected H = HIGH state (the more positive voltage} 
division to output L = LOW state (the less positive voltage) 
single-cycle mode* X = state is immaterial 

output initially LOW, 

after reset 

output initially HIGH, 

after reset 


* The timer is initialized on a reset pulse and the output changes state after 2"-' counts and remains in 


that state (latched). Reset of this latch is obtained by master reset or by a LOW to HIGH transition 
on the MODE input. 
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HEF4541B 


MSI 


RC oscillator 


reset clock to 
ee counter 
Soe eee ATC 2 
| Typical formula for oscillator 
frequency: | 
C2 Rt 
fio. =- 
OSS 23 & REx Cy 
4 7283069.2 


Fig. 4 External component connection for RC oscillator; Rg ~ 2Ry. 


Timing component limitations 


The oscillator frequency is mainly determined by RyC;, provided Ry << Rg and RgC2 << R;Cy. The 
function of Rs is to minimize the influence of the forward voltage across the input protection diodes 
on the frequency. The stray capacitance C2 should be kept as small as possible. In consideration of 
accuracy, Cy must be larger than the inherent stray capacitance. R; must be larger than the LOCMOS 
‘ON’ resistance in series with it, which typically is 500 22 at Vpp = 5 V, 300 Q at Vpp = 10 V and 
200 2 at Vpp = 15 V. | 


The recommended values for these components to maintain agreement with the typical oscillation 
formula are: 

C, 2 100 pF, up to any typical value, 

10 kQ2 S Ry S71 MQ. 
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Programmable timer 


MS! 
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Fig. 5 RC oscillator frequency as a function of Ry and Cy at Vpp 
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Programmable timer | HEF 4541B 
MSI 


D.C. CHARACTERISTICS 
Vos =OV 


Supply current 
power-on reset 
enabled (note) 


Supply voltage for 


automatic reset Vpp — — 8,5 5 — — — WV 
initialization 
(note) 
Output current 5 46 0,5 — 0,4 _ —- 03 — mA 
HIGH; Ctc, Rtc; 10 95 1—loy | 1,4 — 1,2 — — 0,95 — mA 
15 13,5 48 — 4,0 — —- 3,2 — mA 
5 2,5 |—IoH | 1,4 — 1,2 — — 0,95 — mA 
Output current 5 0,4 0,33 — 0,27 — — 0,20 —- mA 
LOW; Ctrc, Rt¢c 05 lOL 1,00 — 0,85 _ — 0,68 —- mA 
1,5 3,20 — 2,/0 — — 2,30 — mA 


Note 
All inputs at 0 V or Vpp, except input AR = input MR = 0 V (power-on reset active). 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; input transition times < 20 ns 


typical formula for P (uW)* 


Dynamic power dissipation 
per package 
(P) 

Total power dissipation 


when using the 
on-chip oscillator (P) 


1 300 f; + foC, VoD’ 
5 300 f; + foCLVpp’ 
12 000 f; + foCLVpp’ 
1300 fosc + foCLVDD* + 2CrV pp’ fose + 10 Vop 
5 300 fose + foCLVpp’ + 2C:Vpp’ fose + 100 Vop 
12.000 fose + foCL VDD’? + 2CiV DD’ fose + 400 Vpop 


* where: 


f, = input frequency (MHz) 

fg = output frequency (MHz) 
C; = load capacitance (pF) 
VppD= supply voltage (V) 

C, = timing capacitance (pF) 
fosc = oscillator frequency (MHz) 
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HEF4541B 
MSI 


A.C. CHARACTERISTICS 


| Vpop ; typical extrapolation 
bol . typ. : 
vy. | symbol | min. typ. — max ota 


Propagation delays 


RS —» O 
8 
ee 5 | 375 750 ns__| 348 ns + (0,55 ns/pF) Cy 
LOW t ear 10 | ‘PHL: 150 300 ns | 139 ns + (0,23 ns/pF) Cy 
15 | 'PLH 110 220 ns | 102ns+ (0,16 ns/pF) Cy 
RS —. 0 
10 
Ce fae 5 | 425 850 ns__| 398ns + (0,55 ns/pF) Cy 
paris nee 10 | PHL: 165 330 ns_ | 154ns+ (0,23 ns/pF) C, 
: 15 | *PLH 120 240 ns_ | 112ns+ (0,16 ns/pF) Cy. 
RS —» O | 
13 
: pete aay 5 | 510 1020 ns | 483 ns + (0,55 ns/pF) CL 
ey ey 10. | (PHL: 190 380 ns_ | 179ns+ (0,23 ns/pF) Cy 
eee 15 | *PLH 135 270 ns_—(| 127 ns + (0,16 ns/pF) Cy. 
RS —& 0 
16 . 
nes on | 8 . 575 1150 ns_ | 548 ns + (0,55 ns/pF) Cy 
Soak cis 10 ne Li 210 420 ns |199ns+ (0,23 ns/pF) Cy 
: 15 | *PLH 150 300 ns_ | 142ns+(0,16 ns/pF) Cy 
Minimum clock 5 60 30 ns 
pulse width; LOW 10 | twrsz_ | 30 15 ns 
! | 15 24 12 ns 
Minimum reset 5 60 30 ns 
pulse width; HIGH 10 | twMRH | 30 15 ns 
15 24 = 12 ns 
Maximum clock 5 8 16 MHz 
pulse frequency 10 | fmax 15 30 MHz 
15 18 36 MHz 
Oscillator frequency 5 90 kHz | Re = 5kQ 
15 90 kHz Ro = 10 kQ 
Oscillator frequency 5 ? 8 kHz | Ry = 56 kQ 
10 | fose 8 kHz Cy = 1nF 
15 8 kHz Ro = 120 kQ 


ARERR ESC 


RLS FASE Sa EOE NPN ASC ELON NE STEPS RTI AE 
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BCD TO 7-SEGMENT LATCH/DECODER/DRIVER 


HEF 4543B 
MSI 


Peer ROR 


—_ 
Ga 


The HEF45438B is a BCD to 7-segment latch/decoder/driver for liquid crystal and LED displays. It has 
four address inputs (Da to Dp), an active HIGH iatch disabie input (LD), an active HIGH bianking 
input (BI), an active HIGH phase input (PH) and seven buffered segment outputs (QO, to Og). 

The circuit provides the function of a 4-bit storage latch and an 8-4-2-1 BCD to 7-segment decoder/ 
driver. It can invert the logic levels of the output combination. The phase (PH), blanking (BI) and latch 
disable (LD) inputs are used to reverse the function table phase, blank the display and store a BCD 


code, respectively. 


For liquid crystal displays a square-wave is applied to PH and the electrical common back-plane of the 
display. The outputs of the device are directly connected to the segments of the liquid crystal. 


Vop OF 
ep 
LD Dp 


DECODER 


DRIVERS 


7Z72880.2 
Fig. 1 Functional diagram. 


PINNING 
Da toDp address (data) inputs 
PH phase input (active HIGH) 


BI blanking input (active HIGH) 
LD latch disable input (active HIGH) 


Og toOg segment outputs 


FAMILY DATA 
see Family Specifications 
Ipp LIMITS category MSI 


w Products approved to CECC 90 104-083. 
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HEF4543BP : 
HEF4543BD: 
HEF4543BT : 


13] fa] [ra] fro] [9] 
Og Og “Og. Oe OL, O, | 
HEF 4543B 
BCSGEGEEO 
7272881.1 
Fig. 2 Pinning diagram. 


16-lead-DIL: plastic (SOT-382). 
16-lead-DIL; ceramic (cerdip) (SOT-74). 
16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


a 
RAND 


Ted 


Fig. 3 Segment designation. 


May 1983 593 


TN SN RAAT SRNL 2,7 


Co 
O° =O. “Oo ee el UDUDUUClUCQ 


cn a at A 5 ~ 
ctober 1980 | . | 


BCD to 7-segment latch/decoder/driver HEF 4543B 


MSI 


FUNCTION TABLE 


outputs 


Oq Og Of Og | display 


x | HIL X xX L L | blank 
H |} LIL LoL: L H HH HH H H HOL 0 
eh ae eas LoL oL H ee ee: eee es ee Ge | i 
Bp tifa th A L bt oH L iH Hw & CH OH & 4+ 2 
HI LIL L bLoH H 7 a * ee: rc: er nn © 3 
be eh Bs ee ee L cE we ee bk 4 ae ee a 
Hi LIL L HO: H H tL HH H LL HH 5 
be ie L HH L te He a om oH ow 6 
Hi LIL L HoH H Go ow HO ££ ok CE 7 
fh He oe ye £ L H H HH H H HH 8 
H}) LIL nt oe H ee * (eee ee: | a © oe 9 
H | LIL H LH L L cL ok o-L LL OL I blank 
H | LIL H LH H L oebcLoeoLok LULL I blank 
a oe On oe a a 3 L L cL tL oL LL 4} blank 
vee on ae on! ae D H L coeoLekL bk LL | biank 
a oe on H H oH L L oebLoekLokLok ok OL I blank 
HH} LIL H HH H L etcLoLhok LULU I blank 
Lice X xX xX x «x | xx 
as above H | as above inverse of above | as wove 


H = HIGH state (the more positive voltage) 
L = LOW sstate (the less positive voltage) 
X = state is immaterial 

* For liquid crystal displays, apply a square-wave to PH. 

For common cathode LED displays, select PH = LOW. - 

For common anode LED displays, select PH = HIGH. 

** Depends upon the BCD-code previously applied when LD = HIGH. 


7272882 


Fig. 5 Display. 
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HEF4543B 
MSI 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


Propagation delays 
Dy —* On 
HIGH to LOW 


153 ns + (0,55 ns/pF) Cy 
64 ns + (0,23 ns/pF) Cy 
47 ns + (0,16 ns/pF) Cy 

153 ns + (0,55 ns/pF) Cy 

64 ns + (0,23 ns/pF) Cy 

47 ns + (0,16 ns/pF) Cy. 


LOW to HIGH 


LD —® O, 143 ns + (0,55 ns/pF) Cy 
HIGH to LOW 69 ns + (0,23 ns/pF) Cy 
52 ns + (0,16 ns/pF) Cy 

163 ns + (0,55 ns/pF) Cy 

LOW to HIGH | 69 ns + (0,23 ns/pF) Cy 


52 ns + (0,16 ns/pF) Cy 


118 ns + (0,55 ns/pF) Cy. 
54 ns + (0,23 ns/pF) Cy 
37 ns + (0,16 ns/pF) Cy 
98 ns + (0,55 ns/pF) Cy. 
54 ns + (0,23 ns/pF) Cy 
32 ns + (0,16 ns/pF) Cy 


Bl mea aad On 
HIGH to LOW 


LOW to HIGH 


Output transition 


times 10 ns+ (1,0 ns/pF) Cy 
HIGH to LOW 9 ns + (0,42 ns/pF). Cy. 

6 ns + (0,28 ns/pF) Cy 

10ns+ (1,0 ns/pF) Cy 

LOW to HIGH 9ns + (0,42 ns/pF) Cy 


6 ns + (0,28 ns/pF) Cy 


Minimum LD 
pulse width; HIGH 


Set-up time 
Dyn ~~» LD 
Hold time 
Dy —* LD 
Vpp where 
V typical formula for P (uW) f, = input freq. (MHz) 
a a a a a aaa ra fy = output freq. (MHz) 
Dynamic power 5 2 200 fj + Z(foCL) x Vpp? C,_ = load capacitance (pF) 
dissipation per 10 | 10400 f} + 2(fgCL) x Vpp’ ZU(foC;_) = sum of outputs 
package (P) 15 | 33000 fj, + Z(fgCL) x Vpp’ Vpp = supply voltage (V) 
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BCD to 7-segment latch/decoder/driver HEF 4543B 
MSI 


APPLICATION INFORMATION 


Some examples of applications for the HEF4543B are: 


@ Driving LCD displays. 

@ Driving LED displays. 

@ Driving fluorescent displays 

@ Driving incandescent displays. 
@ Driving gas discharge displays. 


HEF4543B 


common cathode 


output LED 


7283482 
7 


Fig. 6 Connection to common cathode LED display readout. 


common anode 
LED 


HEF4543B 


7283481 
output 


Fig. 7 Connection to common anode LED display readout. 


Note to Figs 6 and 7: bipolar transistors may be added for gain where Vpp S10 V or loyg 2 10 mA. 


HEF4543B 


one of seven 


output gp segments 


common 
2 4 back - plane 


PH 


square wave ; 
Vos tOVpnp 7283484 
Fig. 8 Connection to liquid crystal (LCD) display readout. 
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HEF 4543B 
MSI 


appropriate 
voltage 


HEF4543B 


output 


ZY 1283483 


Fig. 9 Connection to incandescent display readout. 


appropriate 
voltage 


HEF4543B 


output 


7 1283486 


Fig. 10 Connection to gas discharge display readout. 


HEF4543B 


output 


to filament 
supply 
Vsg Or appropriate 


7 
7283485 voltage below Voc 


Fig. 11 Connection to fluorescent display readout. 
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HEF 4555B 
Msi 


9 
DUAL 1-OF-4 DECODER/DEMULTIPLEXER Gs 


The HEF4555B is a dual 1-of-4 decoder/demultiplexer. Each has two address inputs (Ag and Aj), an 
active LOW enable input (E) and four mutually exclusive outputs which are active HIGH (Og to O3). 
When used as a decoder, E when HIGH, forces Og to O03 LOW. When used as a demultiplexer, the 
appropriate output is selected by the information on Ag and Aq with E as data input. All unselected 
outputs are LOW. 


DECODER 
A 
e 
0 . 7Z69518 
A OB} 12 Fig. 2 Pinning diagram. 
14 
= Orip]a1 


DECODER O HEF4555BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4555BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4555BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


7Z69544.2 


Fig. 1 Functional diagram. 


PINNING 

E enable inputs (active LOW) 
Ag and Aq address inputs 

Og to 03 outputs (active HIGH) 


FAMILY DATA 
see Family Specifications 
Ipp LIMITS category MSI 


© Products approved to CECC 90 104-084. | May 1983 — 599 


HEF 4555B 
MSI 


ii ~ O— 03 


72Z69728.1 


Fig. 3 Logic diagram (one decoder/mu!tiplexer). 


Ar | % | 91 | O | o3 


TRUTH TABLE 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
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Dual 1-of-4 decoder/demultiplexer HEF4555B 
MS! 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


Propagation delays 
An —* On ) 88 ns + (0,55 ns/pF) Cy 
HIGH to LOW 34 ns + (0,23 ns/pF) Cy 
22 ns + (0,16 ns/pF) Cy 


113 ns + (0,55 ns/pF) Cy 
LOW to HIGH 44 ns + (0,23 ns/pF) Cy 
32 ns + (0,16 ns/pF) Cy 


Ene 98 ns + (0,55 ns/pF) Cy 
HIGH to LOW 39 ns + (0,23 ns/pF) Cy 
22 ns + (0,16 ns/pF) Cy 


123 ns + (0,55 ns/pF) Cy 
LOW to HIGH 44 ns + (0,23 ns/pF) Cy 
32 ns + (0,16 ns/pF) Cy, 
Output transition 
times 10 ns +((1,0 ns/pF) Cy 
HIGH to LOW 9ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 


10 ns + (1,0 ns/pF) Cy 


LOW to HIGH 9ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 


. i here 
typical fs 
ypical formula for P (uW) FS inpue ted Wile) 
fg = output freq. (MHz) 


C, = load capacitance (pF) 
Z(foCy_) =sum of outputs 
V Db = supply voltage (V) 


Dynamic power 
dissipation per 
package (P) 


4500 f+ Z(foCL) x Vpp? 
18 800 f; + X(foCi) x Vpp’ 
45 700 fi + Z(foCy) x VoD? 


APPLICATION INFORMATION 
Some examples of applications for the HEF4555B are: 


@® Code conversion. 
@ Address decoding. 


@ Demultiplexing: when using the enable input as data input. 
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So APE 


HEF 4556B 
MSI 


_— 
DUAL 1-OF-4 DECODER/DEMULTIPLEXER Gs 


The HEF4556B is a dual 1-of-4 decoder/demultiplexer. Each has two address inputs (Ag and A), an 
active LOW enable input (E) and four mutually exclusive outputs which are active LOW (Og to 03). 
When used as a decoder, E when HIGH, forces Oo to O23 HIGH. When used as a demultiplexer, the 
appropriate output is selected by the information on Ag and Ay with E as data input. All unselected 
outputs are HIGH. 


Voo Eg Aos Arp S08 01g O28 O38 


HEF4556B 
Ex Aoa Ata Ooa Ora Or, O3, Vss5 
6 ES 
7Z69519 
Fig. 2 Pinning diagram. 
K— 4 
Aap} PPER  [,02B]10 HEF 45568P : 16-lead DIL; plastic (SOT-38Z). 


= 7 re HEF4556BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
“ ae HEF4556BT : 16-lead mini-pack; plastic 
(SO-16; SOT-109A). 


7285105 


Fig. 1 Functional diagram. 


PINNING 

E enable inputs (active LOW) 
Ag and Aj address inputs 

Oo to 03 outputs (active LOW) 


FAMILY DATA 
see Family Specifications 
Ipp LIMITS category MSI 
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HEF4556B 
MsI 


7Z69729.2 


Fig. 3 Logic diagram (one decoder/multiplexer). 


TRUTH TABLE 


inputs outputs 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
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Dual 1-of-4 decoder/demultiplexer HEF4556B 
MSI 


A.C. CHARACTERISTICS 
Vss = 90 V; Tamb = 25 °C; CL. = 50 pF; input transition times < 20 ns 


typical extrapolation 


min. typ. max. fornia 


Propagation delays 
An e On 


130 255 ns 103 ns + (0,55 ns/pF) Cy 


HIGH to LOW 10 | toy, 50 100° ons 39 ns + (0,23 ns/pF) Cy 
15 35 65 ns 27 ns + (0,16 ns/pF) Cy 
5 105 210 ns 78 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpry 40 85 ns 29 ns + (0,23 ns/pF) Cy 
15 30 60 ons 22 ns + (0,16 ns/pF) Cy 
E, —> On 5 120 240 nos 93 ns + (0,55 ns/pF) Cy. 
HIGH to LOW 10 | tpyy 45 90 ns 34 ns + (0,23 ns/pF) Cy 
1S 30 60 ns 22 ns + (0,16 ns/pF) Cy 
5 105 205 ons 78 ns + (0,55 ns/pF) Cy 

LOW to HIGH 10 |t 40 80 ons 29 ns + (0,23 ns/pF) C 
PLH L 
15 30 60 ns 22 ns + (0,16 ns/pF) Cy 


Output transition 


times 5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 10) | thE 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ons 6 ns + (0,28 ns/pF) Cy 

5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 10 | tthH 30 60 ns 9 ns + (0,42 ns/pF) Cy. 
15 20 40 ons 6 ns + (0,28 ns/pF) Cy 


“DD typical formula for P (uW) seer freq. (MHz) 
eee ea he eee eee eed 9 = output freq. (MHz) 
Dynamic power 5 4400 f, + L(foCL) x Vpp’ C,_ = load capacitance (pF) 
dissipation per 10 | 18000 f, + X(fgCL) x Vpp’ X(fyCy_) = sum of outputs 
package (P) 15 


VDp = supply voltage (V) 


APPLICATION INFORMATION 

Some examples of applications for the HEF4556B are: 

@ Code conversion. 

@ Address decoding. 

@ Demultiplexing: when using the enable input as data input. 
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HEF 4557B 
LSI 


-~ 
1-to-64 BIT VARIABLE LENGTH SHIFT REGISTER | 


The HEF455/7B is a static clocked seriai shift register whose length may be programmed to be any 
number of bits between 1 and 64. The number of bits selected is equal to the sum of the subscripts of 
the enabled length control inputs (L1, Lg, L4, Lg, L416 and L379) plus one. Serial data may be selected 
from the Da or Dp data inputs with the A/B select input. This feature is useful for recirculation pur- 
poses. Information on Da or Dg is shifted into the first register position and all the data in the register 
is shifted one position to the right on the LOW to HIGH transition of CPg while CP, is LOW or on the 
HIGH to LOW transition of CP1 while CPg is HIGH. A HIGH on master reset (MR) resets the register 
and forces O to LOW and O to HIGH, independent of the other inputs. 


3 12 113 [14 |15 {1 
Pe fod 
D 


SHIFT REGISTER 


64-BITS 


7272875.2 


Fig. 1 Functional diagram. 


PINNING 

Da, Dp data inputs 

A/B select data input 

CPo clock input 

CPy clock enable input 

MR asynchronous master reset Fig. 2 Pinning diagram. Menon 


Ly to lg9 bit length control inputs HEF4557BP : 16-lead DIL: plastic (SOT-38Z). 


0,0 buffered outputs HEF4557BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4557BT : 16-lead mini-pack; plastic 
(SO-16; SOT-109A). | <— 
FAMILY DATA 


see Family Specifications 
Ipp LIMITS category LSI 
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O86L 42840190 


Lig 


Fig. 3 Logic diagram. 
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1-to-64 bit variable length shift register HEF4557B 
LSI 


FUNCTION TABLE 


inputs 


= HIGH state (the more positive voltage) 
= LOW state (the less positive voltage) 
= state is immaterial 
=~ positive-going transition 
= negative-going transition 

n= either HIGH or LOW 


Oe S40 ra 


* The moment Dy appears at O depends on the 
bit-length shown in the table below. 


BIT-LENGTH SELECT FUNCTION TABLE 


L4 register length 


oa 
- 
NO 


1-bit 

2-bits 
3-bits 
4-bits 
5-bits 
6-bits 
7-bits 
8-bits 


32-bits 
33-bits 
34-bits 


61-bits 
62-bits 
63-bits 
64-bits 


L 
L 
L 
L 
L 
i 
L 
L 
H 
L 
L 
H 
H 
H 
H 


TIrre—rreriterrrrerree 
rrrtirie#rrrtieITrIrirercrce 
so Re a6 a oe ee ee ee 
ie LO ae ee ee er ae Se 


a. do. ao, a ee ae ee ee 


A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 OC; input transition times < 20 ns 


where 
f; = input freq. (MHz) 

fo = output freq. (MHz) 
C,. = load capacitance (pF) 
X(foCi_) = sum of outputs 
Vpp = supply voltage (V) 


typical formula for P (uW) 


3 500 fj + DifoC_) x Vpp’ 
15 000 f; + Z(foCL) x Vpp’ 
37 000 fj + L(f—gC_) x Vpp’ 


Dynamic power 
dissipation per 
package (P) 
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HEF4557B 
LSI 


A.C. CHARACTERISTICS 
Vss=0V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


YOD symbol | typ. max. 


Propagation delays 


CPo, CP; —* 0,0 5 240 480 213 ns + (0,55 ns/pF) Cy 
HIGH to LOW : 10 | tpyL 90 180 ns 79 ns + (0,23 ns/pF) Cy 
15 , 65 130 ons 57 ns + (0,16 ns/pF) Cy 
5 | 240 480 ns 213 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpry 90 180 ns 79 ns + (0,23 ns/pF) Cy 
15 65 130 ns 57 ns + (0,16 ns/pF) Cy 
MR —» O 5 170 340 ns 143 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpHL 80 160 ns 69 ns + (0,23 ns/pF) Cy 
15 60 120 ns 52 ns + (0,16 ns/pF) Cy 
MR —*O 5 140 280 ons 113 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpLy 70 140 ns 59 ns + (0,23 ns/pF) Cy 
15 55 110 ns 47 ns + (0,16 ns/pF) Cy 
Output transition | : 

times 5 60 120 = ons 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 10 | tTHL 30 60 ~ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 os 6 ns + (0,28 ns/pF) Cy 

5 60 120° ns 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 10 | tTLH 30 60 ns Q9ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy 


Interpolation table (see note next page) 


length control inputs minimum set-up, hold, 
| number of recovery 
Lg | Lg | Ly6 bits selected times 
L L L L L L 1 specified 
HJ} LE] oe] LELYL 2 | 
X H L L L L 3 | 
X Xx H L L L 5 six equal steps 
Oe eB ae. ok 9 | 
xX X X X H L 17 1 
X X xX X Xx H 33 specified 


= HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
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1-to-64 bit variable length shift register HEF4557B 
LSI 


A.C. CHARACTERISTICS 
Vos =0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns; see also waveforms Fig. 4 


DD symbol 
Minimum clock 
pulse width; 5 tWCPL 
LOW for CPo or 10 or 
HIGH for CP, 15 tWCPH 
Minimum reset 
pulse width; 5 
HIGH 10 tWMRH 
15 


Set-up times 
Da, Dp, A/B—*CPp,! 5 
CP 4 
Ly to Lg9 = LOW 


L329 =HIGH 


Hold times 
Da, Dp, A/B —»CPo, 
| CP 
L1 to L32 = LOW 


t 
L39 = HIGH see note 


Recovery times for MR 
Ly to L397 = LOW 


L39 =HIGH | 


Minimum clock 
pulse frequency 


Note 
The set-up, hold and recovery times vary with the minimum number of bits selected. For other values 
as specified one may interpolate as shown in the table (see previous page). 


October 1980 611 


HEF4557B 
LSI 


CPy INPUT CPy=L 

CP, INPUT CPy=H 
Dy, Dp INPUT 

A/B INPUT 

MR INPUT 


——twMRH> 7272874.1 


Fig. 4 Waveforms showing recovery time for MR and minimum CPo, CP, and MR pulse widths, set-up 
and hold times for Da, Dg and A/B to CPg and CP}. Set-up and hold times are shown as positive 
values but may be specified as negative values. 
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HEF 4585B 
MsI 


_ 
4-BIT MAGNITUDE COMPARATOR Gs 


The HEF4585B is a 4-bit magnitude comparator which compares two 4-bit words (A and B), whether 
they are ‘less than’, ‘equal to’, or ‘greater than’. Each word has four parallel inputs (Ag to Az and 

Bg to B3); A3 and B3 being the most significant inputs. Three outputs are provided; A greater than B 

(On > B), A less than B (Oa < p) and A equal to B (O, = g). Three expander inputs (Ia>pla<p 
and |, = p) allow cascading of the devices without external gates. 


For proper compare operation the expander inputs to the least significant position must be connected 
as follows: |~n = B=!A > B= HIGH, la < B= LOW. For words greater than 4-bits, units can be 
cascaded by connecting outputs Oq < gp and Og = B to the corresponding inputs of the next significant 
comparator (input | > Bp is connected to a HIGH). 


Operation is not restricted to binary codes, the devices will work with any monotonic code. The 
function table describes the operation of the device under all possible logic conditions. 


On>g On<e BO Ag 


HEF 4585B 


ava lace lasr 
LET LE AEA IT a LT MOT ON ETON RUTH YS 


[5 


1272886 
Fig. 2 Pinning diagram. 


HEF45&856P : 16-lead DIL; plastic (SOT-38Z). 
HEF4585BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4585BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


PINNING 
Ag to Ag word A parallel inputs 
Bg to B3 word B parallel inputs 
7272885.2 lIa>p, 'A <p, !aA=B expander inputs 
OA>B A greater than B output 
Fig. 1 Functional diagram. OA<B A less than B output 
OA=B A equal to B output 


FAMILY DATA 
| see Family Specifications 
IpDp LIMITS category MSI 
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HEF4585B 
MSI 
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Fig. 3 Logic diagram. 
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4-bit magnitude comparator HEF 4585B 
| MSI 


A3,B3 | Ag,B2 |Az,By |Ao,Bo |la>B | lA<B O~n>BplOn<B 
x x x H x 


~— «x K*OoK KIKI KIX 
—m— ro ter KK KK KK XK 
Tomo Ke KKK KK KK 
she. ee ee ee 
Se oe ae a ae 
Ss A ea a ed a a aml a a 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 


The upper 11 lines describe the normal operation under all conditions that will occur in a single device 
or in a serial expansion scheme. 


The lower 2 lines describe the operation under abnormal conditions on the cascading inputs. These 
conditions occur when the parallel expansion technique is used. 
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HEF4585B 


MSI 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


Vpp symbol |min. typ. max. typical extrapolation 
V formula 
Propagation delays | 


An, Bn — On 160 320 ns 133 ns + (0,55 ns/pF) Cy 


HIGH to LOW 65 130 ns 54 ns + (0,23 ns/pF) Cy 
45 90 ns 37 ns + (0,16 ns/pF) Cy 
150 300 ns 123 ns + (0,55 ns/pF) Cy 
LOW to HIGH 60 120 ns 49 ns + (0,23 ns/pF) Cy 
45 90 ns 37 ns + (0,16 ns/pF) Cy 
ln —> O, 110 220 ns 83 ns + (0,55 ns/pF) Cy 
HIGH to LOW 45 90 ns 34 ns + (0,23 ns/pF) Cy 
30 60 ns 22 ns + (0,16 ns/pF) Cy 
120 240 ns 93 ns + (0,55 ns/pF) Cy 
LOW to HIGH 50 100 ns 39 ns + (0,23 ns/pF) Cy 
35 70 ns 27 ns + (0,16 ns/pF) Cy 

Output transition 
times 60 120 ns 10ns+ (1,0 ns/pF) Cy 
HIGH to LOW 30 60 ns 9 ns + (0,42 ns/pF) Cy 
20 40 ns 6 ns + (0,28 ns/pF) Cy 
60 120 ns 10 ns+ (1,0 ns/pF) Cy 
LOW to HIGH 30 60 ns 9 ns + (0,42 ns/pF) Cy 
20 40 ns 6 ns + (0,28 ns/pF) Cy 


VDD where 3 
Le bypregt normale For PWN) | f= input freq. (MHz) 


fy = output freq. (MHz) 

Dynamic power 5 1250 f + D(foCL) x VoD? C,_ = load capacitance (pF) 
dissipation per 10 5500 fj + Z(fgC_) x Vpp” X(foC__) = sum of outputs 
package (P) 15 15 000 f; + L(foCL) x VoD? Vpp = supply voltage (V) 


APPLICATION INFORMATION 
Some examples of applications for the HEF4585B are: 
@ Process controllers. 


@® Servo-motor control. 
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4-bit magnitude comparator HEF 4585B 
MSI 


HEF 4585B 


4 HEF 4585B 


A10 
A>B 
A141 A=B 
A<B 


_ word B: B11, Big...... Bo 7279996.1 
word A: A141, A1Q9 Ag 


Fig. 4 Example of cascading comparators. 
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HEF 4720B 
HEF4720V 
LSI 


-~ 
256-BIT, 1-BIT PER WORD RANDOM ACCESS MEMORIES Wj 


The HEF4720B and HEF4720V are 256-bit, 1-bit per word random access memories with 3-state 
outputs. The memories are fully decoded and completely static. 


Recommended supply voltage range for HEF4720B is 3 to 15 V and for HEF4720V is 4,5 to 12,5 V; 
minimum stand-by voltage for both types is 3 V. 


The use of LOCMOS gives the added advantage of very low stand-by power. The circuits can be directly 
interfaced with standard bipolar devices (TTL) without using special interface circuits. The memory 
operates from a single power supply. The separate chip select input (CS) allows simple memory expan- 
sion when the outputs are wire-ORed. If CS is HIGH, the outputs are floating and no new information 
can be written into the memory. The signal at O has the same polarity as the data input D, while the 
signal at O is the complement of the signal at O. The write control W must be HIGH for writing into 
the memory. 


X |. | 16x16 
| DECODER |_| MATRIX 


Y 
lA. | __» | DECODER 

- LA, | ' READ/ 
1A . | WRITE 
: § CIRCUIT 

tae OUTPUT 

BUFFER 


INPUT 
BUFFER 


7Z64889.3 


Fig. 1 Functional diagram. | 


HEF4720BP; HEF4720VP: 16-lead DIL; plastic 
| | (SOT-382). 
HEF4720B . HEF4720BD; HEF4720VD: 16-lead DIL; ceramic 
(cerdip) (SOT-74). 
HEF4720BT; HEF4720VT : 16-lead mini-pack; plastic 
(SO-16L; SOT-162A). 


HEF4720V 


Fig. 2 Pinning diagram. | FAMILY DATA: see Family Specifications. 
Ipp LIMITS: see next page. 
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HEF 4720B 
HEF4720V 


FUNCTION TABLE 


CS Ww O | O mode 
data written complement of data ‘ 
L H ; : ; write 
Into memory written into memory 
data written complement of data 
L L : read 
Into memory written into memory 


H X Z Z 


inhibit 


H = HIGH state (the more positive voltage) XX = state is immaterial 
L = LOW state (the less positive voltage) Z = high impedance OF F-state 


PINNING 

CS chip select input (active LOW) 
W write enable input. | 

D data input 

Ag to A7 address inputs 

0 3-state output (active HIGH) 
‘s) 3-state output (active LOW) 


SUPPLY VOLTAGE 


rating recommended stand-by 
operating min. 

HEF4720B —0,5 to 18 3,0 to 15,0 

HEF4720V | —0,5to 18 4,5 to 12,5 


The values given at Vpp = 15 V in the following d.c. and a.c. characteristics, are not applicable to the 
HEF4720V, because of its lower supply voltage range. 


D.C. CHARACTERISTICS — 
Voss =OV 


Output current 
LOW 


Quiescent device 
current 


Input leakage current 
HEF4720V 
HE F4720B 


October 1980 


HEF 4720B 
256-bit, 1-bit per word random access memories HEF 4720V 
7 LSI 


A.C. CHARACTERISTICS 


Output capacitance 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 PC; CL = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


Read cycle 


292 ns + (0,55 ns/pF) Cy 


Read access time 130 220 ons 118 ns + (0,23 ns/pF) Cy) 
100 160 = ns 92 ns + (0,16 ns/pF) Cy 
Chip select to 180 sins 
output time 70 ~—sons 
50 ~=ons 
ns 
Address hold time ns 
ns 
Output hold time 170 ns 142 ns + (0,55 ns/pF) Cy 
with respect to 50 ns 38 ns + (0,23 ns/pF) Cy 
address input 40 ns 32 ns + (0,16 ns/pF) Cy 
Output hold time 130 ns 
with respect to 70 sons 
chip select input 60 ~—s ns 
Output floating time ns 
with respect to ns 
chip select input ns 
ns 
Read cycle time ns 
ns 
Output transition 60 120° ons 10 ns + (1,0 ns/pF) Cy. 
times 30 60 ~—ns 9 ns + (0,42 ns/pF) Cy 
LOW to HIGH 20 40 ns 6 ns + (0,28 ns/pF) Cy 
40 80  ~—sns 14 ns + (0,52 ns/pF) Cy 
HIGH to LOW 22 40 ns 11 ns + (0,22 ns/pF) Cy 


15 30 =ons 7 ns + (0,16 ns/pF) Cy. 


cn samamenss 
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HEF 4720B 
~HEF4720V 
LSI 


A.C. CHARACTERISTICS | 
Vss =0 V; Tamb = 25 OC; C= 50 pF; input transition times < 20 ns 


Write cycle 
5 580 ns 
Write cycle time 10 | twe 220 ons 
| 15 160 ns 
Address to write 5 110 ns 
set-up time 10 | taw 50 ns 
15 | 50 | ns 
5 370 : 10000 ns 
Write pulse width 10 =| twp 130 10000 ns 
15 80 10000 ns 
5 100 ns 
Write recovery time 10 | twr 40 7 | ns — 
, | 15 30 ns 
| . 5 250 | ns 
Data set-up time 10 | tow. |; 100 ns 
15 80 | ns 
| 5 100 | ns 
Data hold time 10 | toy -| 30 | ons | 
e % 15 20 | ns 
Chip select set-up 5 370 | ons 
time with respect 10 | tesw 130 3 ns 
to write pulse — 15 80 - =* ns 
Chip setect hold 5 fo 0 ; | ns _ 
time with respect 10 | tesH O- ns 
to write pulse | 15 | 0 ns. 
Chip select lead time | 5 (on ons. 
over write pulse to 10 | tes~ 0 ? ns 
prevent writing 15 0 ns 
Read-modify-write 
cycle 
Read enable — 5 0 ns 
hold time 10 | try 0 ns 
15 0 ns 
Output hold time 5 60 ns 
with respect to 10 | tyaL2| 20 ns 
write pulse 15 | 15 ns 
Read-modify-write 5 1050 ns 
cycle time 10 | trwc | 390 ns 
15 270 | ns 
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 HEF4720B 
256-bit, 1-bit per word random access memories HEF4720V 
LSI 


Ao to Ay 
INPUTS 


CS INPUT 50% 
W INPUT 
tcor > 
0,0 OUTPUTS =——4¢—-——--—--— x output valid > = 
> heen, fy Teeter ee St 7264891.4 


Fig. 3 Read cycle timing diagram. 
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HEF4720B 
HEF4720V 


LSi 


Ag to Ay 
INPUTS 

——— Twe 
CS INPUT % 50% 
W INPUT 150%, 


at Ty le yp ee ye 


Y 7 
¥ 


0 INPUT ir data stable 


~<a— tpy—> |< t py — my 


information is written into cell | | information is not 
written into cell 
7Z64890.3 


Fig. 4 Write cycle timing diagram. 
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Ag to Az 
INPUTS 


CS INPUT 


W INPUT 


D INPUT 


0,0 OUTPUTS-3———-—|——-——K50 % 


data stable 


; 4 output valid 


|< tpg ——___® +tval2> 


Sie ee 


Fig. 5 Read-modify-write cycle timing diagram. 
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HEF 4720B 
HEF4720V 


LSI 


APPLICATION INFORMATION 
Extension of memory capacity 


The memory capacity of the HEF4720B; V is 256 bits (or 256 words of 1 bit). The capacity of a 
system can be extended in various ways by the connection of further HEF4720B;: V ICs. 


Extending the word length 


By connecting a number of HEF4720B; V ICs as shown in Fig. 6, the word length (i.e. bits per word) 
is multiplied by that number. That is, each device stores 1 bit per word but the total number of words 
remains 256. For example, if four devices are used in this way, 256 four-binary-bit words can be stored. 


Extending the number of words 


If anumber of HEF4720B; V ICs are connected as shown in Fig. 7, the words available are multiplied 
by that number, but the word length remains 1 bit. Notice that in this case additional addresses are 
used in conjunction with the CS. input. In the case shown in Fig. 7 (4 x HEF4720B; V in parallel), the 
addresses and data inputs are loaded with four inputs (= 20 pF), the CS inputs are loaded with one 
input each. 


Extending both the word length and number of words 


Figure 8 shows how a combination of the extensions described above can be used to obtain both 
greater word length and additional words. It is clear that the capacitive load of the driving circuits 
puts a limit to the free choice of the interface. In Fig. 8, each address is loaded with 16 inputs, i.e. 
16 x 5 = 80 pF: each CS inverter is loaded with 8 inputs, i.e. 8 x 5 = 40 pF. The data inverters in 
this case are loaded with only two inputs each. 
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HEF4720B 
256-bit, 1-bit per word random access memory | HEF 4720V 


LSI 


to all CS 
inputs 


to all W 
inputs 


HEF 4720B 
HEF 4720V 


a, >o- 


7284408 


: HEF 4720B 
, HEF 4720V 


| ICn 
l 
| 


Fig. 6 Using extra HEF4720B: V 
ICs to extend the word length. 
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Fig. 7 Using extra HEF4720B; V ICs to obtain more words. 
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HEF 4720B 
256-bit, 1-bit per word random access memory HEF 4720V 
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to all CS inputs 
of 1C10 to IC16 


to all CS inputs 
of IC2 to IC8 


to all W inputs 
of IC2 to !C16 


HEF 4720B 
HEF 4720V 


HEF 4720B 
HEF4720V 
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Fig. 8 Using extra HEF4720B; V ICs to obtain more words and greater word length. 
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APPLICATION INFORMATION (continued) 
Memory retention 


It is sometimes necessary to ensure that the information stored in the memory cannot be erased in- 
advertently. This can be arranged by adding detection circuits, by measures in the timing, and by the 
addition of a battery. With the HEF4720B; V, memory retention is very easily obtained because its 
current drain in the stand-by condition is almost zero. The wide supply voltage range makes it possible 
to keep the memory active by means of a simple battery, thereby preventing information loss. 


In designing the memory retention circuits, two aspects should be kept in mind. The memory retention 
will not function in an optimum way if the battery voltage is low or if the voltage transitions at the 
address input are too slow. The first of these is usually the result of using too simple a battery back-up 
circuit, e.g. a battery charged via a diode from the TTL supply voltage. In this case, the LOCMOS supply 
voltage falls below the safe operating voltage. Special arrangements should be made to overcome this. 


Slow address transitions (the second cause of memory loss) are due to a long RC-time in the power 
system. When the power is switched on or off, the 5 V line changes between O and 5 V in milliseconds 
to seconds so producing a correspondingly long transition time in the various logic outputs. This 
creates problems in the proper operation of the HEF4720B; V, with loss of memory as a possible 
result. This can be prevented by ensuring that input rise and fall times do not exceed 10 us. 


Three possibilities for controlling the rise and fall times at the HEF4720B; V interface are given here: 


1, LOCMOS gates can be connected between the address latch and the HEF4720B; V (Fig. 9). 

In the event of a low voltage, or mains supply failure, the gates can be blocked by a signal from 
the memory retention logic thus isolating the HEF4720B; V from the address and CS inputs. 

2. The interface power supply can be separated from the TTL power supply by means of a low-value 
resistor (Fig. 10); a thyristor is connected from the interface power supply to earth. The system is 
arranged so that, upon switching off or failure of the interface supply, the thyristor turns on thus 
ensuring a rapid fall of the supply voltage. 

3. The best solution is to select the interface circuits from the LOCMOS family and to feed all these 
circuits from the battery (Fig. 11). These stages then remain active when the TTL 5 V supply fails. 
The interface circuits are mostly only active on a clock pulse, have the possibility of being inactive 
on a gate level, or can be forced into one position. 
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256-bit, 1-bit per word random access memory 
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(1) These devices have a battery supply. 

(2) Alternative connection. 

Fig. 9 Use of battery-operated LOCMOS gates to isolate the memory in case of power supply failure. 
Devices marked (1) are connected to the battery. The HEF4011B can sink about 0,7 mA: if the load 
_is greater than this, only the memory should be connected, other loads being connected to the address 
latch as shown by the dashed-line connections. 
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switch switch oV 
on off failure 
ie ed er 
BATTERY ~~ 
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VOLTAGE |X 
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_~ MAINS | | | | 
|| | 
| | 1 | | 
MEMORY . | 
RETENTION < 2 | | | | 
LOGIC || 


3 | 7 
K ) \ || 
memory ready ll 7z84406 


(1) Leads should be so arranged to prevent cross-talk; thyristor connections must be short. 
(2) Slope > 500 mV/us in the vicinity of the threshold. 


Fig. 10 Using a thyristor to ensure a rapid fall of interface supply at switch-off or supply failure. 
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Fig. 11 Preferred solution for memory retention; all interface circuits are battery-fed LOCMOS. Note that maximum sink current 
of the HEF4042B is about 1,5 mA. 
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HEF 4724B 
MsI 


_-~ 
8-BIT ADDRESSABLE LATCH Gs 


The HEF4724B is an 8-bit addressable latch with three address inputs (Ag to Ag), a data input (D), an 
active LOW enable input (E), an active HIGH clear input (CL), and eight parallel latch outputs (Og to O7). 


When E and CL are HIGH, all outputs (Og to 07) are LOW. Eight-channel demultiplexing or active 
HIGH 1-of-8 decoding with output enable operation occurs when CL is HIGH and E is LOW. When CL 
and E are LOW, the selected output (Og to 07; determined by Ag to Az) follows D. When E goes 
HIGH, the contents of the latch are stored. When operating in the addressable latch mode (E = CL = LOW), 
changing more than one bit of Ag to Ag could impose a transient wrong address. Therefore, this should 
only be done while in the memory mode (E = HIGH, CL = LOW). 


DB: On “Ox (Oc 6; 


HEF4724B 
Oz 


7273720 


Fig. 2 Pinning diagram. 


HEF4724BP : 16-lead DIL; plastic (SOT-38Z). 
HEF4724BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF4724BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


7Z73721.2 

Fig. 1 Functional diagram. 
PINNING 
Ag to Ad address inputs 
D data input 
E enable input (active LOW) 
CL clear input (active HIGH) 
Og to 07 parallel latch outputs 
FAMILY DATA | 


| see Family Specifications 
IpDp LIMITS category MSI 
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8-bit addressable latch HEF 4724B 
MSI 


MODE SELECTION 


addressable latch 
memory 
active HIGH 8-channel demultiplexer 


demultiplexer; 
unaddressed 
latch is 
cleared 


memory 


addressable 
latch; 
unaddressed 
latch holds 
previous 
state 


L = LOW state (the less positive voltage) 

' X = state is immaterial 
On-1 = State before the positive transition of E 
D1 = either HIGH or LOW 


A.C. CHARACTERISTICS 
Vss = OV; Tamb = 25 OC; input transition times < 20 ns 


where 

f; = input freq. (MHz) 
fy = output freq. (MHz) 

C,_ = load capacitance (pF) | 
ZU(fgCy) = sum of outputs 
Vpp = supply voltage (V) 


typical formula for P (uW) 


700 f, + Z(foC_) x Vpp’ 
3700 fj + L(foCL) x Vpp? 
10 800 fj + Z(fgC_) x Vpp’ 


Dynamic power 
dissipation per 
package (P) 


October 1980 637 


HEF4724B 
MSI 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


Vpp : typical extrapolation 
V sybt | in typ. max. feats 


Propagation delays 


88 ns + (0,55 ns/pF) Cy 


17 ns + (0,16 ns/pF) Cy 


| 

E—O, 5 115 230 ns 
HIGH to LOW 10 | tpHy. 50 95 ns | 39ns + (0,23 ns/pF) Cy. 
15 35 70 ons | 27 ns + (0,16 ns/pF) Cy. 
5 95 195 ns | 68ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpry 40 80 ns | 29 ns + (0,23 ns/pF) Cy. 
15 30 55 ns | 22 ns+ (0,16 ns/pF) Cy 
D —* On 5 95 190 ns | 68ns+ (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy, 35 75 ons | 24ns + (0,23 ns/pF) Cy 
15 25 55 ons | 17 ns + (0,16 ns/pF) Cy 
5 85 170 ns | 58ns+ (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpey 35 75 ons | 24ns + (0,23 ns/pF) Cy. 
15 25 55 ns | 17 ns + (0,16 ns/pF) Cy. 
An On 5 110 225 ns | 83ns+ (0,55 ns/pF) Cy 
HIGH to LOW | 10 | tpyy 45 95 ns | 34ns+ (0,23 ns/pF) Cy 
15 35 70 sons | 27 ns + (0,16 ns/pF) Cy 
| 5 95 190 ns | 68ns+ (0,55 ns/pF) Cy 
| LOW to HIGH | 10 |tppy 40 80 ns | 29ns + (0,23 ns/pF) Cy 
| 15 | 30 55 ons | 22 ns + (0,16 ns/pF) Cy 
CL—"0, 5 | 85 165 ns | 58ns + (0,55 ns/pF) Cy 
HIGH to LOW | 10 | tpyy 35 70 ons | 24ns + (0,23 ns/pF) Cy. 


Set-up times 
D—©_E 


An—?E 


Hold times 
D—~r_E 
see also waveforms 
Fig. 5 
An—rE 


Minimum E 
pulse width; LOW 


Minimum CL 
pulse width; HIGH 
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A.C. CHARACTERISTICS 
Vss =OV; Tamb = 25 °C; C; = 50 pF; input transition times < 20 ns 


VOD sibel typical extrapolation 
formula 


Output transition 
times 3 10 ns + (1,0 ns/pF) Cy. 


HIGH to LOW 9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 


10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 9 ns + (0,42 ns/pF) Cy 
6 ns + (0,28 ns/pF) Cy 


<= 'WEL —~& 


E INPUT 50% 


a— toy 


~Z te 


_ ~i eZ 


CL INPUT 


7Z72859.2 = tWCLH 


(1) The address to enable set-up time is the time before the HIGH to LOW enable transition that the 
address must be stable so that the correct latch is addressed and the other latches are not affected. 


Fig. 5 Waveforms showing minimum E and CL pulse widths, set-up times, hold times. Set-up and hold 
times are shown as positive values but may be specified as negative values. 
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QUADRUPLE 64-BIT STATIC SHIFT REGISTER 


The HEF4731B and HEF4731V are quadruple 64-bit static shift registers each with separate serial data 
inputs (Da to Dp), clock inputs (CP, to CPp) and data outputs (Og3a to Og3p) from the 64th 
register position. 

Recommended supply voltage range for HEF4731B is 3 to 15 V and for HEF4731V is 4,5 to 12,5 V. 


Data are shifted to the next stage on the negative-going transitions of the clock. Low impedance 
outputs are provided for direct interface to TTL. 


64-BIT 
STATIC SHIFT 
REGISTER 


64-BIT 
STATIC SHIFT 
REGISTER 


64-BIT 
STATIC SHIFT 
REGISTER 


Vop CPg Dp Og3a CPn Da 0638 


HEF 4731B 
HEF 4731V 


64-BIT 
STATIC SHIFT 
REGISTER 


O63c 63D CPp Pp CPo Dc Vs 


7274633.1 


Fig. 1 Functional diagram. Fig. 2 Pinning diagram. 7274631 


HEF4731BP; HEF4731VP : 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4731BD; HEF4731VD : 14-lead DIL; ceramic (cerdip) (SOT-73). 


FAMILY DATA 
see Family Specifications 
Ipp LIMITS category LS! 
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Fig. 3 Logic diagram (one of 64-bits shift register). 


The values given at Vpp = 15 V in the following d.c. and a.c. characteristics, are not applicable to the 
HEF4731V, because of its reduced supply voltage range. 


D.C. CHARACTERISTICS 
Vss=0V; Vj =Vss or Vpp 


Output (source) 
current 
HIGH 


Output (sink) 


current 
LOW 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; input transition times < 20 ns 


VDD : where 
aaa een senor ioe f| = input freq. (MHz) 


fo = output freq. (MHz) 


Dynamic power 5 13 000 fj; + Z(foCL) x Vpp? C,_ =load capacitance (pF) 
dissipation per 10 | 55000 f; + Z(foCL) x Vpp’ Z(foC_) = sum of outputs 
package (P) 15 | 140 000 fj + Z(f9CL) x Vpp’ Vpp = supply voltage (V) 
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A.C. CHARACTERISTICS 


Vss = 0 V; Tamb = 25 °C; Cy. = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


Propagation delays 
CP —» 063 132 ns + (0,26 ns/pF) Cy 
| HIGH to LOW 10) | tpyy 55 110 ns 47 ns + (0,16 ns/pF) Cy 
15 40 80 ns 34 ns + (0,11 ns/pF) Cy 
5 . 160 320 ns 138 ns + (0,45 ns/pF) Cy 
LOW to HIGH 10 | tpry 65 130 ns 56 ns + (0,19 ns/pF) Cy 
15 45 90 ~ns 39 ns + (0,13 ns/pF) Cy 
Transition times 0g3 5 30 60 ns 10 ns + (0,40 ns/pF) Cy 
HIGH to LOW 10 12 24 ons 3 ns + (0,18 ns/pF) Cy 
15 10 20 ~ns 3 ns + (0,13 ns/pF) Cy 
5 40 80 ns 8 ns + (0,65 ns/pF) Cy 
LOW to HIGH 10 20 40 ns 5 ns + (0,30 ns/pF) Cy 
15 15 30 sons 9S ns + (0,20 ns/pF) Cy 
Minimum clock 5 80 ns 
pulse width; HIGH | 10 | 
15 | 
Set-up time 5 | 
pe “a el) 10 -5 ns | see also waveforms 
15 5 ns | | Fig.4 
Hold time 5 | 
D—»> CP 10 | 
15 5 ns | 
Maximum clock 5 6 MHz Note: the maximum 
pulse frequency 10 power dissipation has 
15 to be observed 
CP, INPUT 
D,, INPUT 50% | Uj : 


7274634 


Fig. 4 Waveforms showing minimum clock pulse width, set-up and hold times for D to CP. Set-up and 
hold times are shown as positive values but may be specified as negative values. 
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QUADRUPLE STATIC DECADE COUNTERS 


The HEF47376 and HEF4737V are siatic quadruple decade counters for frequencies from 0 to 10 MHz. 
The counters are supplied with an extra overload flip-flop giving a total count capability of 19 999. 
Tne counter has the following inputs and outputs: a count input (CP), an asynchronous reset input 
(MR), an asynchronous preset input (PL), a transfer input (T), an output enable input (EO) (which 
controls the BCD outputs), the digit select inputs (Sa, Sg, Sc) (which perform selection of the 
contents of the latches to the 3-state BCD outputs (Og to O3)), and the carry outputs (CO? to COs) 
(which give the carry signals of the decades except from the first decade). 


The complementary MOS structure gives the devices very low stand-by and operating dissipation. 
Operating from a single supply voltage all outputs can drive one standard TTL input without interface 
circuitry under all specified operating conditions. 

The BCD digit outputs are LOCMOS 3-state outputs. The high impedance off-state feature allows 
common busing of the outputs. The counters are supplied with asynchronous reset and preset to 

19 999 facilities making them suitable for counter and time base applications. All carry signals are 
available except from the first decade. 


Schmitt-trigger action in the inputs makes the circuit highly tolerant to slower input rise and fall 
times. 


Recommended supply voltage range for HEF4737B is 3 to 15 V and for HEF4737V is 4,5 to 12,5 V. 


- om — moony PINNING 
18 {v7}, 16 {15 [14] 413 {12} [11] 10} 
i aa: : | | CP count input 
: 03, “SB Sc Sa cP MR PL EO. ‘Vop| MR asynchronous reset input 
on HEE4737B PL es yNCMLONOUS preset input 
Re T transter input 
oes HEF4737V ne 
SA,°R, "Cc  Gigit select inputs 
Vss O71, O93 Og CO? C03 CO4 ee oe | EQ output enable input 
Gi ) , Og to O2 BCD outputs 
a Ey BI LT El jeg CO2 to COs — carry outputs 
7Z69203.2 
HEF4737BP; HEF4737VP: 18-lead DIL; 
Fig. 1 Pinning diagram. plastic (SOT-102). 
HEF4737BD; HEF4737VD: 18-lead DIL; 
SUPPLY VOLTAGE ceramic (cerdip) (SOT-133). 
rating recommended 


operating 


es aenamemtnanyenn sean 


HEF4737B —0,5 to 18 3,0 to 15,0 V 
HEF4737V | —0,5 to 18 4,5 to 12,5 V 


FAMILY DATA 
| see Family Specifications 
Ipp LIMITS category LSI 
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Fig. 2 Block diagram. 


FUNCTIONAL DESCRIPTION 
Input signals 
Count input (CP) 


The signal to be counted is applied to this input. When PL and MR are LOW the contents of the 
counter increments by one at a LOW to HIGH transition of CP. 


Reset input (MR) 


This is an asynchronous reset. A HIGH level applied to this input will reset the counter to zero inde- 
pendent of the level at the count input and preset input. 


Preset input (PL) 


This is an asynchronous preset. When MR is LOW a HIGH at the PL input will preset the counter to 
19 999 independent of the level at the count input. 


Transfer input (T) 
A HIGH level applied to this input allows the information held by the counter to pass to the latches. 


October 1980 
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Quadruple static decade counters HEF4737V 
LSI 


Output enable input (EO) 


A HIGH level at this input enables the BCD outputs and information can be read out of the latches 
using the multiplexer. A LOW level at this input disables the BCD outputs making them floating (high 
impedance off-state). 


Digit select inputs (Sq, Sp, Sc) 


SA | SB | Sc | When D5 is selected, the contents of D5 is available 
at Og and 04, O9 and O3 are LOW. 
L selects D1 (LSD) 
H selects D2 LSD = least significant divider 
L selects D3 MSD = most siginificant divider 
H selects D4 
Xx 


selects D5 (MSD) 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 


Output signals 
The carry outputs are active LOW outputs. 


Carry output CO9 


When the contents of the first two decades of the counter are both 9 then the CO9 output becomes 
LOW. It remains LOW until the next LOW to HIGH transition of the count input, i.e. until the contents 
of the first two decades are zero. CO9 is LOW when the contents of the counter are: 00 099, 00 199, 

O00 299 etc. 


Carry output CO3 


When the contents of the first three decades of the counter are all 9 then the CO3 output becomes ~ 
LOW. It remains LOW until the next LOW to HIGH transition of the count input, i.e. until the contents 
of the first three decades are zero. CO3 is LOW when the contents of the counter are 00 999, 01 999, 
02 999 etc. 


Carry output CO4g 


When the contents of the first four decades of the counter are all 9 then the CO4q output becomes LOW. 
It remains LOW until the next LOW to HIGH transition of the count input, i.e. until the contents of 
the first four decades are zero. COq is LOW when the contents of the counter are 09 999 and 19 999. 


The carry signals CO9, CO3 and CO, are suppressed while the preset is active. A HIGH to the preset 
input sets the counter to 19 999 but the carry signals remain HIGH until preset input returns to LOW, 
then the carry outputs will also become LOW. 


Carry output CO5 


When the content of the counter is 10 000 the COs output becomes LOW. It returns to HIGH when 
the content of the counter is zero. | 


Digit outputs (Og to 03) 
The digit outputs give the contents of the selected latch. The output is in the form of BCD, positive 
logic. 
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Quadruple static decade counters 


HEF 4737B 


HEF4737V 
LSI 


The values given at Vpp = 15 V in the following d.c. and a.c. characteristics, are not applicable to the 


HEF4737V, because of its reduced supply voltage range. 


D.C. CHARACTERISTICS Vcc = 0 V 


Tamb (°C) 
YDB) YOH4 VOL | cunibél —40 +25 


ee ot PTT ae ae | 


Input leakage 


current at 10 + | _ — — 0,3 
V;=OorVpp 15 ~ TIN — — — 0,3 
Output (sink) 4,75 0,4 16 — 16 — 
current LOW 0,5 lO. 2,5 — 2,3 — 
7,0 — 60 — 
Output (source) 096 — 0,80 — 
current HIGH —IOH 24 — 2,0 — 
7,0 — 60 — 
Output (source) 
current HIGH —IOH 3,0 — 2,0 — 
3-state output : 
leakage current — 16 — 1,6 
Vo =0orv FOZ. te, Ge ee 4G 
O Or VDD i : 


A.C. CHARACTERISTICS 
Vss = 9 V; Tamb = 25 OC; CL = 15 pF; input transition times < 20 ns 


Vpp ; typical extrapolation 


Propagation delays 


CP —» On 5 320 640 ns 
(D1 selected) 10 120 240 ns 
HIGH to LOW 15 90 180 ns 

5 320 640 ns 

LOW to HIGH 10 120 240 as 
15 90 180 ns 

CP —» On 5 620 1240 as 
(D5 selected) 10 330 660 ns 
HIGH to LOW 15 250 500 ns 

5 620 1240 ns 

LOW to HIGH 10 330 660 ns 
15 250 500 ns 

CP —®* CO9 5 220 440 ns 
HIGH to LOW 10 110 220 ns 
15 85 170 ns 

| 5 220 440 ns 

LOW to HIGH 10 110 220 ns 
15 85 170 ns 


er max. min. max. 


308 ns + (0,24 ns/pF) Cy 
125 ns + (0,10 ns/pF) Cy. 
86 ns + (0,07 ns/pF) Cy. 


296 ns + (0,48 ns/pF) Cy 
110 ns + (0,20 ns/pF) Cy 
82 ns + (0,15 ns/pF) Cy. 


608 ns + (0,24 ns/pF) Cy 
325 ns + (0,10 ns/pF) Cy 
246 ns + (0,07 ns/pF) Cy. 


596 ns + (0,48 ns/pF) Cy 
320 ns + (0,20 ns/pF) Cy 
242 ns + (0,15 ns/pF) Cy 


208 ns + (0,24 ns/pF) Cy. 
105 ns + (0,10 ns/pF) Cy. 

81 ns + (0,07 ns/pF) Cy 
196 ns + (6,48 ns/pF) Cy 
100 ns + (0,20 ns/pF) Cy 
77 ns + (0,15 ns/pF) Cy 


+85 

min. max. 

— 1 LA 
— 1 LA 
14 — mA 
17 —- mA 
40 — mA 
0,65 — mA 
16 — mA 
45 — mA 
2,0 — mA 
— 12 uA 
— 12 LA 
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A.C. CHARACTERISTICS (continued) 
Vss =0 V; Tamb = 25 OC; Cy = 15 pF; input transition times < 20 ns 


Propagation delays 
CP —* COs 
HIGH to LOW 


LOW to HIGH 10 


HIGH to LOW 10 


LOW to HIGH 10 


T—» 0, 5 
HIGH to LOW | 10 


LOW to HIGH 10 


15 
HIGH to LOW 10) | tpyy. 
15 
PL —» 0, 5 
LOW to HIGH 10 | tpry 
15 
MR —®* CO, 5 
LOW to HIGH 10 | tpry 
| 15 
PL —® CO, 5 
HIGH to LOW 10 | tpyy 
15 
Output transition 5 
times; any output} 10 | try, 
HIGH to LOW 15 
5 
LOW to HIGH 10 |tTLH 
15 
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200 
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55 
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220 
90 
60 


220 
90 
60 


~ 490 


200 
60 


260 
110 
85 


350 
160 
120 


350 
160 
120 


35 
18 
15 


50 
30 
25 


700 
320 
240 


700 
320 
240 


400 
160 
110 


400 
160 
110 


440 


~ 180 


120 


440 
180 
120 


980 
400 
120 


520 
220 
170 


700 
320 
240 


700 
320 
240 


70 
36 
30 


100 
60 
50 


Ns 
ns 


ns 


typical extrapolation 
formula 


338 ns + (0,24 ns/pF) C, 
155 ns + (0,10 ns/pF) Cy 
116 ns + (0,07 ns/pF) Cy 


326 ns + (0,48 ns/pF) Cy 
150 ns + (0,20 ns/pF) Cy 
112 ns + (0,16 ns/pF) Cy 


188 ns + (0,24 ns/pF) Cy 
75 ns + (0,10 ns/pF) Cy 
51 ns + (0,07 ns/pF) Cy 


176 ns + (0,48 ns/pF) CL 
70 ns + (0,20 ns/pF) Cy 
47 ns + (0,15 ns/pF) Cy 


208 ns + (0,24 ns/pF) Cy 
85 ns + (0,10 ns/pF) Cy 
56 ns + (0,07 ns/pF) Cy 


196 ns + (0,48 ns/pF) Cy 
80 ns + (0,20 ns/pF) Cy 
52 ns + (0,15 ns/pF) Cy 


478 ns + (0,24 ns/pF) Cy 
195 ns + (0,10 ns/pF) Cy 
56 ns + (0,07 ns/pF) Cy 


236 ns + (0,48 ns/pF) Cy 
100 ns + (0,20 ns/pF) Cy 
77 ns + (0,15 ns/pF) Cy 


326 ns + (0,48 ns/pF) Cy 
150 ns + (0,20 ns/pF) Cy 
112 ns + (0,15 ns/pF) Cy 


338 ns + (0,24 ns/pF) Cy 
155 ns + (0,10 ns/pF) Cy 
116 ns + (0,07 ns/pF) Cy. 


15 ns + (0,40 ns/pF) Cy 
9 ns + (0,18 ns/pF) Cy 
8 ns + (0,13 ns/pF) Cy 

15 ns + (0,70 ns/pF) Cy 

13 ns + (0,33 ns/pF) Cy. 

13 ns + (0,23 ns/pF) Cy 
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Quadruple static decade counters HEF 4737V 
LSI 
“DD symbol |min. typ. max. 
3-state propagation 
delays 
Output disable times 
EO —» On 5 60 120 ns 
HIGH 10 tpyH7 | 35 70 ns 
15 25 50 ons 
5 60 120 ~=ns 
LOW 10 tpLZ 35 70 ns 
15 25 50 Ss ns 
Output enable times 
EO —» On 5 90 180 ~=—ons 
HIGH 10 tp7H 40 80 ns 
15 30 60 ~=—sns 
5 90 180 ~=ns 
LOW 10 tp7 40 80 ns 
15 30 60 ~—ns 
Minimum CP pulse 160 80 ns 
width; LOW 60 30 ns 
50 25 ns 
Minimum MR pulse 100 50 ns 
width; HIGH 50 25 ns 
40 20 ns 
Minimum PL pulse 120 #60 ns 
width; HIGH 60 30 ns 
50 25 ns 
Minimum T pulse 100 50 ns 
width; HIGH 40 20 ns 
18 ns 
Maxirnum clock 3 6 MHz 
pulse frequency 8 16 MHz 


10 20 MHz 


VDD . where 
: Ve eee les fj = input freq. (MHz) 


fy = output freq. (MHz) 


Dynamic power 5 950 fj + Z(foCL) x Vpp’ C,_ = load cap. (pF) 
dissipation per 10 4200 f, + X(fgCL) x Vpp’ X(foC,_) =sum of outputs 
package (P) 15 | 11200 f + L(foC_) x Vpp? Vpp = supply voltage (V) 
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IEC/IEEE BUS INTERFACE 


The HEF4738V is an implementation of the |EC-bus as described in IEC report 66 CO 22 (interface 
system for programmable measuring apparatus) as well as in IEEE standard 488-1975 (standard digital 
interface for programmable instrumentation). 

Together with bus-drivers, level converters and multiplexers it is suitable for connecting electronic 
programmable and non-programmable equipment to an IEC/IEEE interface bus. 

All inputs have standard HE4000B family levels. 

In the circuit the following standard interface functions are incorporated: 

® Complete source handshake (subset SH1) 

Complete acceptor handshake (subset AH1) 

Basic talker with serial poll and talk-only mode (when It = LOW, subset T1; !t = HIGH, subset T5) 
Basic listener with listen-only mode (when It = LOW, subset L1; It = HIGH, subset L3) 

Complete service request (subset SR1) 
Complete remote local (subset RL1) 

Remote parallel poll configuration (subset PP1) 
Complete device clear (subset DC1) 

Complete device trigger (subset DT 1) 

Some controller facilities 


DEVICE 


LISTENER HS. MANAGEMENT BUS 


DEVICE 


HEF4738V 
COMMANDS 


~ THREE-LINE 
__ HANDSHAKE 


4——__-_____—__ 
DEVICE TALKER 
H.S. 


| DEVICE 


INVERTING 


TRANSCEIVERS vax 


INTERFACE 
MESSAGES 


DATA BUS 


/\ 


a 


Fig. 1 Basic IEC/IEEE bus interface using the HEF4738V. 7275522 


SUPPLY VOLTAGE FAMILY DATA 
rating recommended see Family Specifications 
operating Ipp LIMITS category LSI 


—0,5 to 18 {4,5 to 12,5 V 
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GENERAL DESCRIPTION 


The inputs IRFD, IDAC, IDAV, ITFC, TREN, [ATN, IIDY and ID1O1 to |IDIO7 must be connected via | 

an inverting TTL to LOCMOS level converter to the respective bus lines: NRFD, NDAC, DAV, IFC, 

REN, ATN, IDY and DIO1 to DIO7. 

The outputs ORFD, ODAC, ODAV and OSRQ can drive one standard TTL load and are suitable for 

driving NRFD, NDAC, DAV and SRO via an inverting bus-driver circuit. 

The parallel poll outputs OP1, OP2, OP3 and OPP can also drive one standard TTL load. Outputs OP1, 

OP2 and OP3 are connected to flip-flops, which store the attendant bits P1, P2 and P3 of the last PPE 

message. OP1, OP2 and OP3 have to be decoded externally and multiplexed to the DIO-lines when OPP 

is LOW. 

All other output stages are standard HE4000B family. 

Most of the functions in the IEC/IEEE interface IC are realized with synchronous sequential logic, 

which is driven from the clock input CP. HIGH to LOW transitions are used to synchronize input 

signals and LOW to HIGH transitions trigger the internal flip-flops. In order to meet the IEC/IEEE 

timing specifications, the maximum clock frequency is 2 MHz. The maximum data transfer is then 

200 kbytes/second. 

Input Irdy (not ready for next message) and output Odvd (data valid device) are intended for a two- 

wire handshake procedure between the acceptor function in the IC and the data input of the device 

(instrument to be connected to the interface system). The procedure is made so, that if the device 

reacts fast enough, the handshake procedure can be omitted by interconnecting Odvd and Irdy. The 

conditions to be fulfilled by the device are: 

@ The device must be able to accept a data byte within one clock period after dvd goes HIGH under 
all conditions. 

@ The device must be ready to process a data byte within two clock periods plus the minimum settling 
time of the talker devices under all conditions. 

Input Inba (not new byte available) and output Oded (don’t change data) are intended for a two-wire 

handshake procedure with the source function in the IC and the data output of the device (instrument). 

The procedure is so made that if the device reacts fast enough the handshake procedure can be omitted 

by interconnecting Oded and Inba. The conditions to be fulfilled by the device are: 

@ The device must be able to set a new data byte on the bus within one clock period after dcd goes 
LOW under all conditions. 

@ The device must be able to have the next data byte available within seven clock periods under all 
conditions. 

input Isr and output Ored should be connected to an external parallel-in/serial-out (when Ored is 

HIGH parallel-in, when LOW serial-out) shift register, which must be connected to the clock CP and 

must trigger on the LOW to HIGH transitions. The data on the parallel inputs of this external shift 

register are loaded in parallel and shifted-out via input Isr into an internal shift register. The eleven 

serial input signals are in the order of shifting: A5, A4, A3, A2, A1, ton, lon, It, rsv, rt! and ist. 

signals A5, A4, A3, A2 and A represent the device talker and listener address. When signal It (either 

listener or talker) is HIGH, a listener addressing sets the talker to the idle state and a talker addressing 

sets the listener to the idle state (subset T5 and L3). With It LOW, the device can be addressed to be a 

listener and a talker. Because of the serial input procedure, all these input signals arrive in the interface 

functions of the IC between 16 and 32 clock cycles. 

The signals ton, lon, rsv, rtl and ist are standard IEC/IEEE inputs. When using ton or lon no controller 

action is possible. 

The output Oclr or Otrg is HIGH for one clock pulse if DCAS (device clear active state) or DTAS (device 

trigger active state) respectively is active. 
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The output Oloc is HIGH when LOCS (local state) or LWLS (local with lock-out state) is active. 
Output OSRQ is HIGH when the rsv signal is read from the external shift register and the SROS 
(request service state) is active. After this request has been answered by a serial poll, OROSis HIGH in 
the APRS (affirmative poll response state). The inverted signal on OROS must be multiplexed to bus- 
line DIO7, together with the status byte of the other DIO lines, when output Osp is HIGH in the SPAS 
(serial poll active state). 

When the device is in the SPAS state the signal rsv may be removed (can be checked on OROS). 

N.B.: When the interface has asked for service via rsv and is addressed as talker in the serial poll mode, a 
handshake must be initialized by the device via Inba. 


Input Icats and output Otct are intended for use of this IC in a controller. When Icats is HIGH, the 
source handshake function will exit SIDS and SIWS and enter respectively SGNS and SWNS. When the 
controller function is not used, the input Icats must be connected to Vss. Output Otct is HIGH if the 
tct message is sent over the interface and the ACDS state is active. A HIGH on input !pon sets each 
function to its initial state. This level can be set to LOW after the IC has received 32 clock pulses at 
stabilized supply voltage. 


Note 


After power-on the input Ipon must stay LOW for at least 32 clock pulses, then HIGH for 32 clock «— 


pulses in order to force the function to its initial state. 
After this, lpon must be set LOW. 
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HEF4738V 


Input pins 
| 1,2,3,36 
IDIO5! V 14,9,90,  _ 
40) DD 37 38,39 IDIO1 to 7: input DIO 
. ————— 4=]IDY input IDY not 
ne le ce *9 = Isr input shift register 
—)_ 11=IIFC input [FC not 
IDIO7 | 3 IDIO3 12 = Ipon input pon 
, 13 = IDAV input DAV not 
IIDY 4 | 37 | 1DIO2 14 = Irdy input rdy not 
| 18 =IATN input ATN not 
OPP | 5 | IDIO1 24 = |RFD input RFD 
| 25 = Inba input nba not 
OP3 135 | Otr 26 = IDAC input DAC 
as 135. : 27 = Icats input cats 
, 28 = |REN input REN not 
Pp ; 
ie | 134 emt 31 =CP clock pulse input 
OP 1 8 | | 33 | Oclr Output pins 
. : : 5 =QOPP output PP 
i 9 | | 32 Oloc 8,7,6, = OP1 to OP3 output P1 to P3 
: a 10 = Ored output red 
Ored | 10 | | 31| cP 15 = ORFD output RFD 
HEF4738V 16 = ODAC output DAC 
FC | 30 | Ota 17 = Odvd output dvd 
19 = OSRO output SRO not 
Ipon 12 | Osp 21 =OQRQS output ROS not 
a | 22 = Odcd output dcd 
DAV 113 | 128 }iREN 23 = ODAV output DAV not 
13 | 28, 29 = Osp output sp 
one ee ae) 30 = Ota output ta 
ney 14 | af eats 32 = Oloc output loc 
— 33 = Oclr output clr 
ORFD j 26 }IDAC 34 = Otct output tet 
al | 35 = Otrg output trg 
ODAC | 25 | inba 
| | Supply pins 
Odvd 17 | | 24 | IRFD 20 = Vss: more negative supply line 
oats 40 =Vpp: more positive supply line 
(ATN | 18 | | 23 | ODAV 
5 | * Isr is serial input for signals AS, A4, A3, A2, A1, ton, 
OSRO (19 | | 22 Oded lon, It, rsv, rtl and ist. 
q | Note 
V 20 21}ORQS 
=e 20 | Because the circuit uses positive logic and the bus uses 


negative logic, all inputs and outputs to the bus must 


be inverted. For that reason, all terminals that are 
working with the bus have mnemonics which are the 
inverted ones of those on the bus. 


Fig. 2 Pinning diagram; for abbreviations 
see the following list. 
HEF4738VP: 40-lead DIL; plasic (SOT-129). 
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IRFD IDAC ODAV 11FC 1ATN IDAV ORFD ODAC Odvd_ Irdy Isr Ored Otct Otrg 
24 26 11 34 35 
40 
RFD DAC dvd 
22 
Oded dcd 


IDENTIFY SHIFT REGISTER red 


Nn OO SF WO 


ACCEPTOR a ae a ae, 


HANDSHAKE 


SOURCE 
HANDSHAKE 


cats 
Icats 2) MESSAGE DECODING 
AND 

Ota 30 


ADDRESS COMPARISON 


TALKER LISTENER 


MLA,MTA,UNL 


MLA,MTA, 
OTA,SPE, 
SPD 


,PPD,PPU, 
,PCA 


DIO1 to DIO4 


SERVICE REQUEST PARALLEL POLL 


DEVICE CLEAR 


clr 


CP Ipon IREN Cloc HDY OP1 OP2 OP3 OPP Oclr 7275523 


Z861 nny 


Fig. 3 Block diagram. 
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LIST OF USED ABBREVIATIONS 
A1toA5 — address 


ACDS acceptor data state 

APRS affirmative poll response state 
ATN attention 

AVD address valid 

cats controller active or transfer state 
clr device clear 

CVD command valid 

DAC data accepted 

DAV data valid 

DCAS device clear active state 

ded don't change data 

DCL device clear 

DIO data input output 

DTAS device trigger active state 

dvd data valid device 

EOI end of output/identify 

GTL go to local 

IDY identify 

IFC interface clear 

ist individual status 

LLO local lock-out 

loc local 

LOCS local state 

lon listen only 

It decides whether the device can only be 


listener/talker or listener and talker 
simultaneously 


LWLS local with lock-out state 
MLA my listen address 

MTA my talk address 

nba new byte available 

NRFD not ready for data 

NDAC not data accepted 

OTA other talk address 

P1 to P3 parallel response messages 
PCA parallel poll configure accepted 
pon power on 

PP parallel poll message enable 
PPC parallel poll configure 
PPD ~ parallel poll disable 

PPE parallel poll enable 

PPU parallel poll unconfigure 
rdy ready for next message 
red ready for next shift cycle 
REN remote enable 

RFD ready for data 

ROS requested service 

rsv request for service 

rtl return to local 

SDC selected device clear 
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SGNS 
SIDS 
SIWS 


sp 
SPAS 
SPD 
SPE 
sr 
SRO 
SROS 
SWNS 
ta 

tet 
ton 
trg 
UNL 


source generate state 
source idle state 
source idle wait state 
serial poll 

serial poll active state 
serial poll disable 
serial poll enable 
shift register 

service request 
request service state 
source wait for new cycle state 
talker active 

talk control 

talk only 

trigger 

unlisten 


IEC/IEEE bus interface HEF 4738V 


LS! 
D.C. CHARACTERISTICS 
Voss =OV 
Tamb (OC) 
+25 +85 
min. max. min. max. 
Output current | 2,5 2,0 mA 
H!GH; see note 5 46 \-loyH | 1 0,85 0,65 mA 
10 95 3 2,5 2,0 mA 
Output current 4,75 0,4 , 2,/ 2,3 1,8 mA 
LOW; see note 10 0,5 OL 95 8,0 6,3 mA 
Quiscent device 5 , 50 50 375 wA 
current 10 DD 100 100 750 pA | 


Note 


23 = ODAV. These pins can drive one standard TTL load. 


Inba 
7282275 


Fig. 4 Waveforms showing data exchange in talker function. 


7282276 


Fig. 5 Waveforms showing data exchange in listener function. 
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APPLICATION INFORMATION | 


1/4 HEF 4070B 


| Ss 12 
Von oa 


68K2 
40 

BAW62 | _ Vane 
+ LZ 20 

; : 
68 uF 1/4 HEF 40938 Veen 
Vsg 
220 pF ‘. 
Vgg ———-—-TF 


O07 
A5 Py 9 
A4 Fg 
A3 PS 
A2 pm PA 
HEF 40148 
bpm ans esate rama) 4 
Al Pernt P3 
ne 
if) 
ton a) 5 PQ 
OF 
SEC/ 
ae) 6 
lon p , IEEE 
aa 1 HEF4738V BUS 
a _ | 10 
tt a Pg cP DIO1 
= Ds 7 a C0 (7 Fe any Gt - 
f : Sanam ~4 Ored 
4 1D101 sn 
D102 
3 
rsv pa O Q7 RS eee. I 
le A 
rel ceopd co D103 
Se 31 38 
; 1DIO8 s Seen 
ist ->t— O 
F D104 
HEF4014B = ne . 
OO DIOS 
10 canton 
Dg 
anche 
ol See oie DIO6 
2 
VDD Vss 5 
DIO7 
2 MHz 
OSCILLATOR 3 
2 Otrg D108 
33 
Oclr 
32 
Oloc 
irdy Odvd inba Oded 
4x QUADRUPLE 
Ei 6 B : li eae epee TRANSCEIVERS 
Ig. asic listener ; Cee. Maes anne ecto eR? EAR Ce DER OR 
° DEVICE DEVICE DEVICE DATA FROM DEVICE DATA TO DEVICE 
and talker. Serial and COMMANDS LISTENER TALKER soeenas 


HANDSHAKE HANDSHAKE 


parallel poll are not 
implemented. 


HEF 4750V 
LSI 


amen A chia 


FREQUENCY SYNTHESIZER 


The HEF4750V frequency synthesizer is one of a pair of LOCMOS devices, primarily intended for use 
in high-performance frequency synthesizers, e.g. in all communication, instrumentation, television and 
broadcast applications. A combination of analogue and digital techniques results in an integrated 
circuit that enables high performance. The complementary device is the universal divider type 
HEF4751V. 


Together with a standard prescaler, the two LOCMOS integrated circuits offer low-cost single loop 
synthesizers with full professional performance. Salient features offered (in combination with 
HEF4751V) are: 


@ Wide choice of reference frequency using a single crystal. 
@ High-performance phase comparator — low phase noise — low spurii. 
@ System operation to > 1 GHz. 
@ Typical 15 MHz input at 10 V. 
® Flexible programming: 
frequency offsets 
ROM compatible 
fractional channel capability. 
Programme range 6/2 decades, including up to 3 decades of prescaler control. 
Division range extension by cascading. 
Built-in phase modulator. 
Fast lock feature. 
Out-of-lock indication. 
Low power dissipation and high noise immunity. 


APPLICATION INFORMATION 
some examples of applications for the HEF4750V in combination with the HEF4751V are: 


VHF/UHF mobile radios. 

HF s.s.b. transceivers. 

Airborne and marine communications and navaids. 
Broadcast transmitters. 

High quality radio and television receivers. 

High performance citizens band equipment. 

Signal generators. 


SUPPLY VOLTAGE 


rating recommended 
operating 


—0,5to+ 15 9,5to 10,5 V 


ER BPH DUN STATINS STDC AN USACE A RRB OME SNE DI EBL DER SPE EGR NET DEC BLED OLE SI TEREST SEES RTT ELEY ASLO GY ECPI AT ETO 
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PINNING 
R 
V VoD V 
STB 
STB MOD TCA 
TCB 
TCB OUT TCC 
TRA 
PCy 
OL R PC» 
MOD 
OSC 
TRA NSg XTAL 
Ag to Ag 
TCC | OSC 
HEF4750V NSo, NSq 
PCy XTAL OUT 
PC5 Ag 
Ag Ag 
A2 Ag 
A3 Ag 
Vss Ag 


7Z84472 
Fig. 1 Pinning diagram. 


HEF4750VD: 28-lead DIL; ceramic (cerdip) (SOT-135A). 
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phase comparator input, reference 
phase comparator input 

strobe input 

timing capacitor Ca pin 

timing capacitor Cp pin 

timing capacitor Cc pin 

biasing pin (resistor R ,) 

analogue phase comparator output 
digital phase comparator output 
phase modulation input 
out-of-lock indication 

reference oscillator/buffer input 
reference oscillator/buffer output 
programming inputs/programmable 
divider 

programming inputs, prescaler 
reference divider output 


O 
‘?) 
rr 
fo) 
oO 
4) 
= 
—_ab 
<e) 
10.0) 
=) 


£99 


OL |, 


P_MOs 
PHASE SWITCH 
COMPARATOR 


REFERENCE 
OSCILLATOR 
& BUFFER 


+1 to 1024 


PC? 


SWITCH 


PHASE COMPARATOR 


PROGRAMMING 
LOGIC 


PROGRAMMING 
LOGIC 


(SAMPLE & HOLD TYPE) 
PG 


PHASE 
MODULATOR 


TCB |MOD|STB TRA TGA 
22 21 23 24 26: 425.41 ) 27 2 6 e) 7 


programming inputs 
| reference divider or oT Ra “T “Ty 
1 y, ‘/ Vop ‘/ ‘7 ‘/ 
crystal standard 
external circuitry 7284473 


Fig. 2 Block diagram comprising five basic functions: phase comparator 1 (PC1), phase comparator 2 (PC2), phase modulator, reference oscillator 


and reference divider. These functions are described separately. 


N.B. PCy = analogue output; PC9 = 3-state output. 
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FUNCTIONAL DESCRIPTION 
Phase comparator 1 


Phase comparator 1 (PC1) is built around aSAMPLE and HOLD circuit. A negative-going transition at 
the V-input causes the hold capacitor (Cj) to be discharged and after a specified delay, caused by the 
Phase Modulator by means of an internal V’ pulse, it produces a positive-going ramp. A negative-going 
transition at the R-input terminates the ramp. Capacitor Cq holds the voltage that the ramp has 
attained. Via an internal sampling switch this voltage is transferred to Cc and in turn buffered and 
made available at output PCy. 


If the ramp terminates before an R-input is present, an internal end of ramp (EOR) signal is produced. 
These actions are illustrated in Fig. 3. 


V 
R 
V' 
determined by the 
— phase modulator 
Pe ee teen | ome pee tal area — — — — — — — ——— —- Vop 
TCA 
| 
(analogue) voltage 
transferred to TCC 
oes — | — CUS 
hold reset ramp hold ' 
EOR 
analogue 
sampling 
switch ‘S' 
TCC 
(analogue) 


7284474 


Fig. 3 Waveforms associated with PC1. 
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The resultant phase characteristic is shown in Fig. 4. 


PC, 
output 
voltage 


~~ 2a —r~ 


7Z84476 Yy'— PR 


Fig. 4 Phase characteristic of PC. 


PC1 is designed to have a high gain, typically 3200 V/cycle (at 12,5 kHz). This enables a low noise 
performance. 


Phase comparator 2 


Phase comparator 2 (PC2) has a wide range, which enables faster lock times to be achieved than 
otherwise would be possible. It has a linear + 360° phase range, which corresponds to a gain of 
typically 5 V/cycle. This digital phase comparator has three stable states: 

— reset state, 

— V’ leads R state, 

— R leads V’ state. 

Conversion from one state to another takes place according to the state diagram of Fig. 5. 


active R- edge active R- edge 
(negative going) (negative going) 
SS aS I 
Ve ee Pee | ee 
active V- edge active V - edge 
(negative going) (negative going) 7284477 


Fig. 5 State diagram of PC2. 


Output PC2 produces positive or negative-going pulses with variable width; they depend on the phase 
relationship of R and V’. The average output voltage is a linear function of the phase difference. 
Output PC9 remains in the high impedance OF F-state in the region in which PC1 operates. The 
resultant phase characteristic is shown in Fig. 6. 
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FUNCTIONAL DESCRIPTION (continued) 


PC5 


average ra 


output 
voltage 


a— 27 — 


7284478 iyo FR 


Fig. 6 Phase characteristic of PC. 


Strobe function 


The strobe function is intended for applications requiring extremely fast lock times. In normal 
operation the additional strobe input (STB) can be connected to the V-input and the circuit will 
function as described in the previous sections. 


In single, phase-locked-loop type frequency synthesizers, the comparison frequency generally used is 
either the nominal channel spacing or a sub-multiple. PC2 runs at the higher frequency (a higher 
reference frequency must also be used), whilst strobing takes place on the lower frequency, thereby 
obtaining a decrease in lock time. In a system using the Universal Divider HEF4751V, the output OFS 
cycles on the lower frequency, the output OFF cycles on the higher frequency. 


Out-of-lock function 


There are a number of situations in which the system goes from the locked to the out-of-lock state 
(OL goes HIGH): 

1. When V’ leads R, however out of the range of PC1. 

2. When R leads V’. 

3. When an R-pulse is missing. 

4. When a V-pulse is missing. 

5. When two successive STB-commands occur, the first without corresponding V-signal. 


Phase modulator 


The phase modulator only uses one external capacitor, Cp at pin TCB. A negative-going transition at 
the V-input causes Cp to produce a positive-going linear ramp. When the ramp has reached a value 
almost equal to the modulation input voltage (at MOD), the ramp terminates, Cp discharges and a 
start signal to the Ca-ramp at TCA is produced. A linear phase modulation is reached in this way. 

If no modulation is required, the MOD-input must be connected to a fixed voltage of a certain 
positive value up to Vpp. Care must be taken that the V’ pulse is never smaller than the minimum 
value to ensure that the external capacitor of PC1 (Cj) can be discharged during that time. Since the 
V’ pulse width is directly related to the TCB ramp duration, there is a requirement for the minimum 
value of this ramp duration. 
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Reference oscillator 


The reference oscillator normally operates with an external crystal as shown in Fig. 2. The internal 
circuitry can be used as a buffer amplifier in case an external reference should be required. 


Reference divider 


The reference divider consists of a binary divider with a programmable division ratio of 1 to 1024 and 
a prescaler with selectable division ratios of 1, 2, 10 and 100, according to the following tables: 


@ Binary divider | @ Prescaler 


N (Ag to Ag) programming word 
(NSo, NS7) 


1024 
N 


In this way suitable comparison frequencies can be obtained from a range of crystal frequencies. The 
divider can also be used as a ‘stand alone’ programmable divider by connecting input TRA to Vpp, 
which causes all internal analogue currents to be switched off. 


Biasing circuitry 


The biasing circuitry uses an external current source or resistor, which has to be connected between 
the TRA and Vssg pins. This circuitry supplies all analogue parts of the circuit. Consequently the 
analogue properties of the device, such as gain, charge currents, speed, power dissipation, impedance 
levels etc., are mainly determined by the value of the input current at TRA. The TRA input must be 
decoupled to Vpp, as shown in Fig. 7. The value of Cp has to be chosen such that the TRA input is 
‘clean’, e.g. 10 nF at Ra = 68 kQ. 


7284479 


Fig. 7 Decoupling of input TRA. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage Vpp -0,5to+15 V 
Voltage on any input Vy —0,5 to Vpp + 0,5 V 
D.C. current into any input or output + | max. 10 mA 
_ Power dissipation per package 

for Tamb = 0 to + 85 OC Prot max. 500 mW 
Power dissipation per output 

for Tamb = 0 to 85 °C P max. 100 mW 
Storage temperature | Vstg 65 to + 150 °C 
Operating ambient temperature Tamb 40 to +85 °C 


D.C. CHARACTERISTICS at Vpp = 10 V + 5%; voltages are referenced to Vgsg = 0 V, unless 
otherwise specified; for definitions see note 1. 


Tamb (PC 
—40 +25 +85 
typ. max.] min. typ. max. | min. typ. max. | 
Quiescent device 
current ~ foo | — - FOO |— ~ 750 
Input current; logic 
inputs, MOD — 300 | — — 300 |— —~ 1000 
Output leakage current 
at 2 Vpp 
TCA, hold-state 20 |—- 0,005 20 | — a 60 
TCC, analogue 
switch OFF | ~ 20 ;— O,065 20 [— — 60 
PC9, high impedance | 
OF F-state 50 | — — 50 | — — 500 
Logic input voltage | 
LOW Sma aa AIT es U,a M EyLy ee a 
HIGH mI 0 VO. ee 
Logic output voltage 
LOW; at [lo | <1 yA _ — 50 |- = - - 50 | — — 50 
HIGH | —————— min. Vpp—50 mv ———— perenne 
Logic output current 
LOW; at Vo, = 0,5 V 
outputs OL, PC9, | 
OUT 55 — — 46 — —~ 3,6 — —_ 
output XTAL 23 — — 24 — -— 19 — a 
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Tamb (OC) 


symbol —40 + 25 + 85 unit | notes 
min. typ. max.}min. typ. max.|min. typ. max. 


parameter 


Logic output current 
HIGH; 
at VoH = Vpp—0,5 V 3 
outputs OL,PC37,OUT —-l9oyH {7,5 
output XTAL —loH | 1,4 


Output TCC sink 
current lo —_ 


Output TCC source 
current ae — 


Internal resistance 
of TCC 
|output swing |< 200 mV 
specified output range: 
03Vpp to0,7 Vpp {Rj — 


Output TCC voltage 
with respect to 


—- |kQ |3,4 


TCA input voltage AV _ — 
Output PC sink 
current lo — — 


Output PC source 

current —lo0 a 
Internal resistance 

of PCy 

[output swing |< 200 mV 

specified output range: 

0,3 Vpp to 9,7 Vpp IR; — 

Output PC, voltage 

with respect to 

TCC input voltage AV — 
EOR generation 

VEOR=VYpD~-YTcA_ |YEOR |- 
Source current; HIGH 


at Vout = 2 Vpp:; 
output in ramp mode 


TCA lo — 
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A.C. CHARACTERISTICS 
General note 


The dynamic specifications are given for the circuit built-up with external components as given in 

Fig. 8, under the following conditions; for definitions see note 1; for definitions of times see Fig. 19; 
Vpp = 10 V + 5%; Tamp = 25 OC; input transition times < 20 ns; Ra = 68 kQ + 30% (see also note 4); 
Ca = 270 pF; Cp = 150 pF; Ce = 1 nF; Cp = 10 nF; unless otherwise specified. 


symbol | min. typ. max. | unit | conditions 


Slew rate | 
TCA STCA — 52 — V/us | Ra = minimum | 12 
TCA STCA -— 28 — V/us | Ra =maximum | 12 
TCB STCB — 20 — V/us | Ra =minimum | 12 
TCB STCB — 10 — V/us | Ra =maximum | 12 
Ramp linearity 
TCA ITCA — 2 — % 13 
TCB ITCB — 2 — % 13 
Start of TCA-ramp delay tcpca | — 200 - ns 
Delay of TCA-hold tRCA — 40 7 ns 
Delay of TCA-discharge tVCA _ 60 = ns 
Start of TCB-ramp delay tvCB = 60 = ns 
TCB-ramp duration trcB a 2500 — ns VuMop=4V 
trcB — 350 #2 ns VMop =6 V 
trcB _ 450 — ns VMop =8 V 
Required TCB min. 
ramp duration trcB — 150 — ns 14 
Pulse width 
V: LOW tpwyvL | — 20 _ ns 
V: HIGH tpwvH | — 20 — ns 
R: LOW tpwRL | — 20 _ ns 
R: HIGH tpwRH | — 20 ~ ns 
STB : LOW tpwSL — 20 — ns 
STB : HIGH tpWSH — 20 — ns 
Fall time 
TCA ECA — 50 — ns 
TCB tecB — 50 — ns 
Prescaler input frequency fpr — 30 — MHz | all division ratios 
Binary divider frequency foiv — 30 — MHz | all division ratios 
Crystal oscillator frequency fosc — 10 — MHz 
Average power supply current locked state 
with speed-up 7: 10 Ip — 3,6 — mA 15 
without speed-up Ip a 3,2 — mA 16 
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to Vcs or Vop 


HEF4750V 


OL 


TRA TCA TCB- TCC OSC XTAL 


VopD 7284480 


Fig. 8 Test circuit for measuring a.c. characteristics. 


NOTES 


1. Definitions: 
Ra = external biasing resistor between pins TRA and Vgg; 68 kQ + 30%. 
Ca = external timing capacitor for time/voltage converter, between pins TCA and Vss. 
Cp = external timing capacitor for phase modulator, between pins TCB and Vs. 
Cc = external hold capacitor between pins TCC and Vss. 
Cp = decoupling capacitor between pins TRA and Vpp. 


Logic inputs: V, R, STB, Ag to Ag, NSg, NS 7, OSC. 
Logic outputs: OL, PCz, XTAL, OUT. 
Analogue signals: TCA, TCB, TCC, TRA, PC, MOD. 
2. TRA at Vpp; TCA, TCB, TCC and MOD at Vsgg; logic inputs at Vss or Vpp.- 
3. All logic inputs at Vss or Vpp. 
4. Ra connected; its value chosen such that ITRa = 100 WA. 
5. The analogue switch is in the ON position (see Fig. 9). 


VDD 
TCC 
TCA analogue 
switch 
7284481 


Vss 


Fig. 9 Equivalent circuit for note 5. 
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NOTES (continued) 
6. The analogue switch is in the ON position (see Fig. 10). 


TCA 


TCC 
Vss 


analogue 
switch 


7284482 Fig. 10 Equivalent circuit for note 6. 
7. This guarantees the d.c. voltage gain, combined with d.c.-offset. 
Input condition: 0,3 Vpp S VTca S9,7 Vpp. 


AV = VTCC—VTCA: 


analogue 


TCA : 
switch 
k&2 Fig. 11 Circuit for note 7. 
7284483 Vss 
8. 
| VoD 
O PC, 
pe aes 
Tc Fig. 12 Equivalent circuit for PC 
sink current. 
Vss 7284484 
9. 
VbD 
TCC lO PC, 
Pathe ee 
Fig. 13 Equivalent circuit for PCy 
7284485 Vs source current. 


10. This guarantees the d.c. voltage gain, combined with d.c.-offset. 
Input condition: 0,3 Vpp < Vtcc S9,7 Vpp. 


AV = Vpc1—VTcc- ’ 
DD 


ECC 
kS2 Fig. 14 Circuit for note 10. 


7284486 
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11. Switching level at TCA, generating an EOR-signal, during increasing input voltage. 
12. 


710% Vop 
specified 
30%V range 

DD ‘ Fig. 15 Waveform at the output. 


7284487 


13. Definition of the ramp linearity at full swing. 


ramp waveform 


7284488 


Fig. 16 AV is the maximum deviation of the ramp waveform to the straight line, which joins the 
30% Vpp and 70% Vpp points. 


x 100%. 


Linearity = 7 
2 


14. The external components and modulation input voltage must be chosen such that this requirement 
will be fulfilled, to ensure that Ca is sufficiently discharged during that time. : 
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NOTES (continued) 


15. Circuit connections for power supply current specification, with speed-up 1: 10. V and R are in the 
range of PC1, such that the output voltage at PC is equal to 5 V. | 
fosc = 5 MHz (external clock) 
fosTpR = 12,5 kHz 
fy = 125 kHz 


HEF4750V 
We Seas PC, 
o—sts 
Vs OL 
7 TRA TCA TCB TCC OSC XTAL 
T° Ra 7: co 
V 
SS 
VDD 7284489 


‘7 


Fig. 17 Circuit for note 15. 
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16. Circuit connections for power supply current specification, without speed-up. V and R are in the 
range of PC1, such that the output voltage at PC1 is equal to 5 V. 
fosc = 5 MHz (external clock) 
foTp = 12,5 kHz 
fy = 12,5 kHz 


division ratio=400 


HEF4750V 


ai 


OL 
OSC XTAL 


TRA TCA TCB TCC 


tT" Ra =Cpn Cea + Ce [| 


V 
V SS 
DD y; 7284490 


Fig. 18 Circuit for note 16. 
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V 50% 


TPpwWVL 


<——— tpwvH ————- 


R 50% 


= PWR eR ee 


STB 50% 


aaa ae eT, 


forbidden 
zone 


5Ons —e hpi — La 


TCA oe 
(analogue) mee 
0 
¥ 
0O5V 
Sa a ee i tsa SE EN RSE TG OR EER, 
SS 
ECA ae 
'VCA 
'VCB =| |}~— 
~—tCBCA 
CGB 
(analogue) 
Vss 
~<—— ttcp 7284475 


(1) Forbidden zone in the /ocked state for the positive edge of V and R and both edges of STB. 


Fig. 19 Waveforms showing times in the locked state. 
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UNIVERSAL DIVIDER 


The HEF4751V is a universal divider (U.D.) intended for use in high performance phase lock loop 
frequency synthesizer systems. It consists of a chain of counters operating in a programmable feedback 
mode. Programmable feedback signals are generated for up to three external (fast) + 10/11 prescaler. 


The system comprising one HEF4751V U.D. together with prescalers is a fully programmable divider 
with a maximum configuration of: 5 decimal stages, a programmable mode M stage (1 <M < 16, non- 
decimal fraction channel selection), and a mode H stage (H = 1 or 2, stage for half channel offset). 
Programming is performed in BCD code in a bit-parallel, digit-serial format. 

To accommodate fixed or variable frequency offset, two numbers are applied in parallel, one being 
subtracted from the other to produce the internal programme. 

The decade selection address is generated by an internal programme counter which may run continuous- 
ly or on demand. Two or more universal dividers can be cascaded, each extra U.D. (in slave mode) adds 
two decades to the systern. The combination retains the full programmability and features of a single U.D. 
The U.D. provides a fast output signal FF at output OFF, which can have a phase jitter of + 1 system 
input period, to allow fast frequency locking. The slow output signal FS at output OFS, which is 
jitter-free, is used for fine phase control at a lower speed. 


sad aan op deoracsee oir ie 


=; OFB, _— OSY IN Bg 


HEFATS IV 


7284464 


Fig. 1 Pinning diagram. 


SUPPLY VOLTAGE HEF4751VP : 28-lead DIL; plastic (SOT-117). 
HEF4751VD: 28-lead DIL; ceramic (cerdip) (SOT-135A). 
HEF4751VT : 28-lead mini-pack; plastic 


recommended 
t a . ‘ 
rating operating (SO-28; SOT-136A). 
—0,5to +18 45to 12,5 V 


FAMILY DATA 
see Family Specifications 
Ipp LIMITS category LSI 
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4 }3 {2 |1 15 11 10 19 {8 |7 {6 {5 13 12 


PROGRAMME 
COUNTER 


load 
pulses 


PRESCALER 
+1,2,5,10/11 


oO O 
Ty LO “eee I TCH 
6 O RS 6 O Eee C 
switches N4 
23 OFB5 
4 
22)OFB, 26 
Vop __-Vss | | 
28 14 7284471 


Fig. 2 Block diagram. 
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EXTERNAL PRESCALER UNIVERSAL DIVIDER 


7Z84469 


oe) 
i?) 
ot 
fe) 
oy 
.$) 
“- 
Ke) 
es) 
oO 


Fig. 3 The HEF4751V U.D. used in a system with 3 (fast) prescalers. 
1<M<16;1<H<2;n5>0; fi/fors= {(ng- 104 +nqg- 10° +ng- 10? +ng-10 +ny)M+ng}H + np. 
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AtSZV4A45H 
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HEF 4751V 


LSI 


; ef] dL tb 
OD, : 


| hl 


data valid 
(shaded) 


wien pics 8] | (2) |*] [el [al |] 


fae meta 


7284467 


fe eer 


Fig. 4 Timing diagram showing programme data inputs. 


Allocation of data input 


fetch inputs 

period iz, Ay A, Ao | B3 Bo Bi Bo | SI 
NOB 
NB 
N2B 
N3B 
N4B 


N5B 
COb % channel 


control {control 


2 


a) 


xX KK KK KS 


% channel configuration 


COp division ratio 


1 

2 

5 
10/11 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 


H=1 
H=2;n,=0 
H=2;np,= 1 
test state 
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PROGRAMME DATA INPUT (see also Figs 3 and 4) 


The programming process is timed and controlled by input PC and PE. When the programme enable 
(PE) input is HIGH, the positive edges of the programme clock (PC) signal step through the internal 
programme counter in a sequence of 8 states. Seven states define fetch periods, each indicated by a 
LOW signal at one of the corresponding data address outputs (ODg to ODg). These data address 
signals may be used to address the external programme source. The data fetched from the programme 
source is applied to inputs Ag to Ag and Bg to B3. When PC is LOW in a fetch period an internal load 
pulse is generated, the data Is valid during this time and has to be stable. When PE is LOW, the 
programming cyclus is interrupted on the first positive edge of PC. On the next negative edge at input — 
PC fetch period 6 is entered. Data may enter asynchronously in fetch period 6. 


Ten blocks in the U.D. need programme input signals (see Fig. 2). Four of these (CO,, C3, C4 and RSH) 
are concerned with the configuration of the U.D. and are programmed in fetch period 6. The remaining 
blocks (RSO to RS4 and C1) are programmed with number P, consisting of six internal digits no to ns. 


P= (ns5- 10% +nq- 10° +n3g- 10? +n2-10+n7)-Mt+ng 
These digits are formed by a substractor from two external numbers A and B and a borrow-in (bj,). 
P= A—B — bin or if this result is negative; P= A — B — bj, +M - 10°. 


The numbers A and B, each consisting of six four bit digits nga to nga and ngp to n5p, are applied in 
fetch period O to 5 to the inputs Ag to A3 (data A) and Bo to B3 (data B) in binary coded negative 
pass 


= (NBA - 10% + NAA - 10° +n3ZA - 10? +ng9a°10+n1,) *M+nga. 
= (n5p: 10* +ngp- 10° +n3p- 10? +ngp-10+n7_B)-M+nop. 
Borrow-in (bj7) is applied via input SI in fetch period O (SI = HIGH: borrow, SI = LOW: no borrow). 


Counter C1 is automatically programmed with the most significant non-zero digit (njjys) from the 
internal digits n5 to ng of number P. The counter chain C — 2 to C1 (see Fig. 3) is fully programmable 
by the use of pulse rate feedback. 


Rate feedback is generated by the rate selectors RS4 to RSO and RSH, which are programmed with 
digits ng to ng and ny respectively. In fetch period 6 the fractional counter C3, half channel counter 

C4 and COp are programmed and configured via data B inputs. Counter C3 is programmed in fetch 
period 6 via data A inputs in negative logic (except all HIGH is understood as: M = 16). The counter 

CO is a side steppable 10/11 counter composed of an internal part COp, and an external part CO,. CO, 

is configured via B3 and Bo to a division ratio of 1 or 2 or 5 or 10/11; CO, must have the eomplementany 
ratio 10/11 or 5/6 or 2/3 or 1 respectively. In the latter case CO, comprises the whole CO counter 

with internal feedback, CO, is then not required. 


The half channel counter C4 is enabled with Bo = HIGH and disabled with Bo = LOW. With C4 
enabled, a half channel offset can be programmed with input By = HIGH, and no offset with By = LOW. 
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FEEDBACK TO PRESCALERS (see also Figs 5 and 6) 


The counters C1, CO, C—1 and C—2 are side-steppable counters, i.e. its division ratio may be increased by 
one, by applying a pulse to a control terminal for the duration of one division cycle. Counter C2 has 

10 states, which are accessible as timing signals for the rate selectors RS1 to RS4. A rate selector, 
programmed with n (nq to nq in the U.D.) generates n of 10 basic timing periods an active signal. Since 
n <9, 1 of 10 periods is always non-active. In this period RS1 transfers the output of rate selector RSO, 
which is timed by counter C3 and programmed with no. Similarly, RSO transfers RSH output during 
one period of C3. Rate selector RSH is timed by C4 and programmed with np. In one of the two states 
of C4, if enabled, or always, if C4 is disabled, RSH transfers the LOW active signal at input RI to RSO. 
If Rl is not used it must be connected to HIGH. The feedback output signals of RS1, RS2 and RS3 are 
externally available as active LOW signals at outputs OFB;, OFBg and OFB3. 


Output OFB; is intended for the prescaler at the highest frequency (if present), OF Bg for the next 

(if present) and OFB3 for the lowest frequency prescaler (if present). A prescaler needs a feedback 
signal, which is timed on one of its own division cycles in a basic timing period. The timing signal at 
OSY is LOW during the last U.D. input period of a basic timing period and is suitable for timing of the 
feedback for the last external prescaler. The synchronization signal for a preceding prescaler is the OR- 
function of the sync. input and sync. output of the following prescaler (all sync. signals active LOW). 


UNIVERSAL DIVIDER 


7284466 


Fig. 5 Block diagram showing feedback to prescalers. 
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b.t.p. (n—1) basic timing period (n) b.t.p. (n+1) 
i aise Nile ann aera ae i: (ola 
IN’ 
CO ——_$§_—— +11 ———___> |————_- + 10 +10 
(1) i Pn \ ie ts orn oN a aN a 
CO; —— +5 —1»/~—_—_. +6 =e er +H —+) |/-s— +5 +5 — 
I | | 
IN, OUT’ | ! | | 
1 | i | | ! 
PE O ! O O ® 
a es 
4 | | ] 
2a OO O O 
OSY O O @ O ! 
_ | | 
S’ 
O 
_ | r | 
SY’ 
| 
ee ! 
1 
PE” 
Cag) 
a a ae ani ota al |) +10 
+11 
7284468 


- (1) scaling factor 


Fig. 6 Timing diagram showing signals occurring in Fig. 5. 
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CASCADING OF U.D.s (see also Fig. 8) 


A U.D. is programmed into the ‘slave’ mode by the programme input data: naa = 11, nap = 10, 

N3A = 4A = 13B = N4p = N5pB = O. A U.D. operating in the slave mode performs the function of two 
extra programmable stages C2’ and C3’ to a ‘master’ (not slave) mode operating U.D. More slave U.D.s 
may be used, every siave adding two lower significant digits to the system. 


Output OFB3 is converted to the borrow output of the programme data subtractor, which is valid after 
fetch period 5. Input SI is the borrow input (both in master and in slave mode), which has to be valid 
in fetch period 0. Input SI has to be connected to output OFB3 of a following slave, if not present, to 
LOW. For proper transfer of the borrow from a lower to a higher significant U.D. subtractor, the U.D.s 
have to be programmed sequentially in order of significance or synchronously if the programme is 
repeated at least the number of U.D.s in the system. 


Rate input RI and output OFS must be connected to rate output OF By and the input IN of the next 
slave U.D. The combination thus formed retains the full programmability and features of one U.D. 


OUTPUT (see also Fig. 7) 


The normal output of the U.D. is the slow output OFS, which consists of evenly spaced LOW pulses. 
This output is intended for accurate phase comparison. If a better frequency acquisition time is 
required, the fast output OF F can be used. The output frequency on OFF is a factor M +H higher than 
the frequency on OFS. However, phase jitter of maximum +1 system input period occurs at OFF, 
since the division ratio of the counters preceding OFF are varied by slow feedback pulse trains from 
rate selectors following OFF. 


OFS 


OFF j 


gp ka tla —---—--—— _ (M+H) pulses -——--—_———__-_____—_-» 728446 5 


Fig. 7 Timing diagram showing output pulses. 
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Fig. 8 Btock diagram showing cascading of U.Ds. 


a 
” 
2S 
g 
< 


oO 
oO 
o1 


HEF4751V 


D.C. CHARACTERISTICS Vsg = 0 V_ 


Output (sink) 
current LOW 


Output (source) 
current HIGH 


A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 OC; input transition times < 20 ns 


parameter “OD min. typ. max. unit 
Propagation delay 5 135 270 os 
IN —™ OSY 10 45 90 ~ns 
HIGH to LOW 
Output transition 
times : 
5 30 60 ons _ 
HIGH to LOW 10 12 5 ns Cy = 50 pF 
5 45 90 ns - 
LOW to HIGH 10 20 AO. ike Cy = 50 pF 
Maximum input 5 4 8 MHz 6 = 50% 
frequency; IN 10 12 24 MHz COp ratio > 1 
Maximum input 5 2 4 MHz | { 6=50% 
frequency; IN 10 6 12 MHz | | COp ratio = 1 
Maximum input 5 0,15 03 MHz 
frequency; PC 10 0,5 1,0 MHz 


VDD : where 
typical formula for P (uW) f, = input freq. (MHz) 


fy = output freq. (MHz) 

Dynamic power C,_ = load capacitance (pF) 
dissipation per 5 1 200 f; + D(foCL) x Vpp? X(fyC_) = sum of outputs 

package (P) 10 5 400 fj + L(foCL) x Vpp’ VDp = supply voltage (V) 
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A.C. MOTOR CONTROL CIRCUIT 


The HEF4752V is a circuit for a.c. motor speed control utilizing LOCMOS technology. The circuit 
synthesizes three 120° out of phase signals, of which the average voltage varies sinusoidally with time 
in the frequency range 0 to 200 Hz. The method employed is based upon the pulse width modulation 
principle, in order to achieve a sufficient accuracy of the output voltages over the whole frequency 
range. A pure digital waveform generation is used. 


All outputs are of the push-pull type. Inputs and outputs are protected against electrostatic effects in a 
wide variety of device-handling situations. However, to be totally safe, it is desirable to take handling 
precautions into account. 


PINNING 

Inputs; group | Inputs; group II 

24=L data 12=FCT _ frequency clock 

25 = | data 17=VCT voltage clock 
7=K data 4=RCT _ reference clock 
5= CW data 6=OCT output delay 

13=A data clock 

15=B8 data 

16=C data 


Outputs; group | 


23 = RSYN R-phase synchronization 
26 = VAV average voltage 
18 = CSP current sampling pulses 


Outputs; group I 


8 = ORM1 R-phase main 
9=ORM2 _ R-phase main 
10 = ORC1 R-phase commutation 
11 =ORC2 R-phase commutation 
22=OYM1_ Y-phase main 
21=OYM2 _ Y-phase main 
20 = OYC1 Y-phase commutation 
19 = OYC2 Y-phase commutation 
3 = OBM1 B-phase main 
2=QOBM2 _ B-phase main 
1 = OBC1 B-phase commutation 
27 = OBC2 B-phase commutation 


SUPPLY VOLTAGE 


recommended 
operating 


rating 


7275992 


Fig. 1 Pinning diagram. 


HEF4752V | —0,5 to 18 4,5 to 12,5 V 


HEF4752VP : 28-lead DIL; plastic (SOT-117). 
HEF4752VD: 28-lead DIL; ceramic (cerdip) (SOT-135A). FAMILY DATA see Family Specifications 
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D.C. CHARACTERISTICS Vog =O V 


V aon 
parameter vig symbol —40 


ae 
rm 
roé 
own 
on 
ne! 
< 


conditions 


min. max. 


O86} 4890190 


ec dalip ua nicntoniiac ants af ant eae ea RENNES OES 
ee ee 5 | . 50 all valid Input combinations; 
aad ae Mel: 4g. DO =. “400 Vi=Vss or Vpp 
Input leakage current | 10 | + lin = = V;=Oorl0V 
| | 
5 | 3,5 ~- 3,5 — 3,5 — V 
n r ’ ? . ; 
Input voltage HIGH 10 | Vin | 7.0 _ 7,0 _ 7.0 = V inputs: group | 
| | — _ =. 
Input voitage LOW | be IVIL | _ ie _ a _ : inputs: group | 
| 5 495 -—- |495 - |495 - jV | 
Output voltage HIGH 10 | “OH 995 — 995 _— | 995 — V V,=Vss or Vpp: lig | <1yuA 
5 — 0,05 - 0,05 — 0,05 | V 
Output voltage LOW 10 | YOL — oo5! — 005 — O005lv ! Vi =Vgs or Vpp; |lo | <1H#A 
Input tripping level; 5 Ve: 1,5 4,0 1,5 4,0 1,5 4,0 V ! re T 
input voltage increasing 10 | ‘ti 30 80 /130 80 |30 80 |v a 
Input tripping level: 5 ly 10 35 |}1,0 35 /10 3,5 | Vv i ce ' 
input voltage decreasing 10 td 20 70 |/20 70 |20 7,0 |v fe ees 
5 0,45 = 0,38 = 0,3 — mA Vo_ =0,4V | outputs: groups | 
CuCpuE Conenr 10 |'OL fig ~ |447 > — |o9 = |mA | VoL=05V [| andtl 
5 0,3 —- 1025 — |0,2 — | mA Voy = 4,6 V . 
Output current HIGH 10 —IOH 09 us 0.75 _ 06 ny ave Vou =9,5V outputs: group | 
Output current HIGH 5 | —lOH 0,9 — 0,75 — 0,6 — mA VOH = 2,5 V; outputs: group | 
5 0,6 — 0,5 — 0,4 — mA VOH = 4,6 V 
Output current HIGH 10 —lOH 18 ‘3 15 - 12 _ cA Voy =9,5V outputs: group II 
Output current HIGH 5 | —-IQOH 1,8 _ 1,5 = 1,2 = mA Vou = 2,5 V; outputs: group [| 
lot = !OH = 0; frequency applied to 
Total supply current 10 | Itot — — typ. 2 — — mA | inputs; FCT = 700 kHz; VCT = 400 kHz; 
~ RCT = 400 kHz 


A.C. motor control circuit | HEF 4752V 
LS] 


APPLICATION INFORMATION 


Figure 2 shows the functional block diagram of a 3-phase a.c. motor speed control systern using a 

thyristorized inverter with variable frequency output. The inverter control signals are generated by 

the HEF4752V (PWM-IC). A special feature of the PWM (Pulse-Width Modulation) - !C is here, that 

the motor is supplied by sinnoidally modulated pulses, hence the resulting motor current will approach 

a sine-wave with a minimum on higher harmonics. In this way, an optimum speed drive with high per- 

formance is obtained. 

Furthermore, the HEF4752V contains all logic circuitry required for this snecial wavefarm aeneration 

so that the amount of control circuit components is reduced considerable. The speed drive system in 

Fig. 2 is controlled by the analogue control section. 

The FCT and VCT clock pulse oscillators are driven in such a way, that a fast response speed control 

of the a.c. motor is obtained, depending on: the reference values for speed; motor voltage; motor cur- 

rent (Limited by the measured motor current via DCCT - d.c. current transformer -): the increasing 
value of Vcp during braking action. 


INVERTER 


SMOOTHING | | 


FILTER RECTIFIER : 
3-phase ¢ ae ae >| CAPACITOR |VYcb 
mains ch Ci, 
v aE a 3-phase 
| NS 
Yop a 
SMPS +12V } PULSE | 
| AMPLIFIER | 
=12'V = oes 
Vin OCT | 
Veb* IE 
z RTC 


PWM —IC 
HEF4752V 


ANALOGUE 
CONTROL 


CW/CCW 


7282749 


Fig. 2 PWM motor speed control system using HEF4752V. 


MORE APPLICATION INFORMATION SUPPLIED ON REQUEST 
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UNIVERSAL TIMER MODULE 


The HEF4753B is a universal timer module for counting and dividing as well as for event-recognition 
and manipulation of input sequences. 

The following functions are included: synchronization and edge-detection of the input signal, program- 
mable counter, clock divider with different lengths, operating mode decoder, control logic and output 
multiplexer. 

Depending on the operating mode and the application, the circuit works as a presettable 8-bit counter 
with transient-pulse suppression, pulse duration selector divider, counter, positive or negative edge 
delaying module or low-frequency control circuit. 

All manipulation possibilities depend on a time scaling, which is adjustable by the 8-bit programmable 
counter and the system clock. The system clock can be divided internally by 1, 16, 256 or 4096 as 
input clock for the counter. In all cases the manipulated input sequence appears at the only output OUT. 


PREDIVIDERS 


SYNCHRONIZATION 


AND PROGRAMMABLE 
EDGE-DETECTION COUNTER 


MODE SWITCH 
OUTPUT MULTIPLEXER 


7283573 


Fig. 1 Functional diagram. 


FAMILY DATA 
see Family Specifications 
Ipp LIMITS category LSI 
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HEF 4753B 


HEF4753BP: 18-lead DIL; plastic 
(SOT-102). 
HEF4753BD: 18-lead DIL; ceramic (cerdip) 


(SOT-133). 


7283563 


Fig. 2 Pinning diagram. 


FUNCTION TABLES 


inputs 


operating mode 


counter 
divider 
delayed LOW to HIGH edge 
delayed HIGH to LOW edge 


transient pulse suppression 


H = HIGH state (the more positive 
voltage). | 
L. = LOW state (the less positive voltage). 


frequency recognition 
digital pulse duration selector 


mene ae aa ee te entnat CANA ene mene eit tt ae ne esteem marr 


_ Programmable 8-bit counter * 12-bit predivider 
inputs | wslnie W clock for programmable counter 
active LOW | CP/X 
A 1 L X = 
B | 2 L X= 16 
C 4 Z 
D 9 H X = 256 
E 16 H X = 4096 
F 32 aed eee ae al 7 
G 64 * All inputs A to H HIGH is not allowed. 
H 128 


FUNCTIONAL DESCRIPTION. 
Clock divider and decoder 


The clock signal at input CP is, at its original frequency, the system clock, but it also drives the 
programmable counter. The counter input frequency can be predivided by the factors 1/16, 1/256 and 
~ 1/4096, depending on the logic state of inputs W and X (according to the function tables above). 


8-bit programmable counter 


The 8 inputs A to H are the set inputs of the 8 counter flip- Pee The setting is ere by an edge of 
the input signal (at input IN) depending on of the chosen mode. 
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Universal timer module HEF4753B 
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Event flip-flops, synchronization and edge-detection 


The event flip-flops are used to recognize the positive and/or negative edge of the input signal at IN. 

Parts of the flip-flops are used together with the programmable 8-bit counter as a retriggerable mono-flop, 
which defines the time scaling for event recognition. 

The input IN ts synchronized by the clock signal CP. 


Mode switch and output multiplexer 


This furiction switches the chosen output to the output (OUT) and gives the mode of which the edge 
at input IN has to be detected. The inputs Z, Y and LFC give 7 ae +1, that means in mode etait 
Filter’ the input LFC can be HIGH or LOW. 


OPERATING MODES 


The circuit has 6 operating modes which are activated by the logic state of inputs LFC, Y and Z. An 
extra mode is possible by using two circuits which are connected such so emey function as a digital: 
band-filter. : 


1. Counter mode (LFC = LOW: Y = LOW: Z = HIGH) 


after a transition at input IN (see Fig. 3 and note 1). 


17 


A Bc DE F GH |W X{LFC Y 2 CP 
Sa [ERE HEF4753B 10 


H H LH HH H H Bb Lt Db «beeH. JIN 


OUT 


7283564 


7283568 


aw-t9 


0 Se | ~<a at 1 


Fig. 3 Timing diagram for counter mode; tz = delay until set of 8-bit counter; 
to = delay to set 8-bit counter; tg = predefined delay by programming. : 


Ln SENIOR ARAM SY LINE CNA STB OE TNE TIE 
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OPERATING MODES (continued) 
2. Divider mode (LFC = LOW; Y = HIGH; Z = LOW) 


In this mode the output OUT should be connected to input IN. If not, only one counter cycle starts 
after a transition at input IN (see Fig. 4 and note 1). 


HEF4753B 10 OUT 


1 7283564 


aa 13 | eo 14 ee) 7Z83570 


Fig. 4 Timing diagram for divider mode; ty = delay until set of 8-bit counter; t9, tg see Fig. 3. 


3. Delayed LOW to HIGH edge mode; see note 2 (LFC = HIGH; Y = HIGH; Z = LOW) 


OUT 


HEF4753B 10 


7283564 


7283566 


Fig. & Timing diagram for delayed LOW to HIGH edge mode; t1 = delay until set of 8-bit counter; 
tg = delay to set 8-bit counter; t3= predefined delay by programming; tg = delay until next negative 
clock edge; ts = delay until next positive clock edge. 
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Universal timer module 


4. Delayed HIGH to LOW edge mode; see note 2 (LFC = HIGH; Y = LOW; Z = HIGH) 


OUT 


HEF4753B 10 


7283564 


bade cs fe 7283569 
=t9 


<=ty 


Fig. 6 Timing diagram for delayed HIGH to LOW edge mode; for tq to ts 
see Fig. 5. 


5. Transient pulse suppression and pulse delaying mode; see note 2 (LFC = Y = Z = HIGH) 
In this mode the circuit is working as a digital low-pass filter. An undisturbed pulse will only be delayed 
(see Fig. 7). 


A B C D E F GH {|W X|LFC Y Z CP 


L L H H H H H H H H IN 


OUT 


HEF4753B 10 


7283564 


7283567 


Fig. 7 Timing diagram for transient pulse suppression and pulse delaying mode; 
for t1, tg and tg see Fig. 5. 


October 1980 695 


HEF 4753B 


LSI 


OPERATING MODES (continued) 
6. Frequency recognition mode (LFC = LOW; Y = HIGH; Z = HIGH) 


The incoming signal must be symmetrical within the limits as given by the specified delay time in note 2, 
to achieve lower or higher frequency detection (see Fig. 8). 


A B C DB E F G H |W X/|LFC Y Z CP 


HEF4753B 1 
L H L H H H H H}{|LtL LibteH H IN =] 


> OUT 


ae ae 7283564 
Minimum dividing number is 3. 


~— ty —e <— ty —e ig er t3 ee eee SY 
_ =t9 
>| la ty 
7283571 i 8 eee 
y 
Fig. 8 Timing diagram for frequency recognition mode; t, = time shorter than t3 (OUT = H); iy= time 
greater than t3 (OUT = L); for ty, tg and tg see Fig. 5. 


7. Digital pulse duration selector mode (Y = Z = LOW) 


This mode is a combination of two circuits, both used for frequency recognition. Both circuits are 
driven by the same clock and same input signal, but programmed for different frequencies. The LFC 
input of the low-frequency circuit is set to logic LOW, the output is connected to the LFC input of the 
high-frequency circuit, whose output (OUT) is the ‘filter’ output. The delay time depends on the same 
facts as given in note 2. For timing diagram see Fig. 9. 


HEF4753B 10 
IC1 


17 13 
HEF4753B 10 
IC2 


OUT 


7283565 
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=| ting <tz be 


IN 7 
OUT 
—_—_— 


to oeatag| 
4 TY 


ting? ty 


OUT 
LOW 7Z83572 


Fig. 9 Timing diagram for digital pulse duration selector mode; tijy1, tyN2 and t;yy3 are the IN input 
pulse durations; ty = predefined delay by programming IC1; tg = predefined delay by programming |C2. 


Notes to operating modes 


1. The number of clocks for one cycle in the counter and divider mode is: 
a. Contents of programmable counter plus one if X = W = LOW. 
b. Contents of programmable counter multiplied by 16, 256 or 4096 if X and/or W = HIGH. 


2. The delay in the modes 3, 4, 6 and 7, and the delay which is identical to the maximum duration of 
the transient pulse in mode 5 depend on the optional divided clock frequency, the input conditions 
of the 8-bit presetable counter and in addition, different times of propagation delays, jitter and 
maximum one half of a clock frequency period. 
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D.C. CHARACTERISTICS 
Vos=OV 


symbol —40 


min. max. 


Output (sink) 
current LOW 
(pin 10) 


Output (source) 
current HIGH 
(pin 10) 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 


— 420 
180 
120 


Propagation delays 
CP —» OUT 
HIGH to LOW 


450 
200 
140 


LOW to HIGH 


30 
15 
10 


Output transition 
times 
HIGH to LOW 


60 
30 
20. 


LOW to HIGH 


Input rise and | 
fall times - no limit 
pins 13, 14, 17 | 


Maximum clock 
pulse frequency 
pin 17; 6 = 50% 


Dynamic power 
dissipation per 
package (P) 


1800 f; + 2 (foCy) x Vpp’ 
8 000 fj + 2 (fyCy_) x VppD’ 
19 000 fj + X (f_oC1) x VppD’ 


October 1980 


20 ns 


‘DD typical formula for P (uW) 


Tamb (°C) 
+25 - 
min. max. 


+ 85 
min. max. 


where 
f; = input freq. (MHz) 

f, = output freq. (MHz) 
C,_ = load capacitance (pF) 
2 (foC_) = sum of outputs 
Vpp = supply voltage (V) 


HEF4754V 
LSI 


18-ELEMENT BAR GRAPH LCD DRIVER 


The HEF4754V drives an 18-element bar graph LCD in linear relation to the control voltage (V,) ina 
pointer or thermometer mode. 


27 | Vref max 


—d =f elk 
NW 1} jo. |B [© fh 


LATCH 
AND 
DIVIDER 

CIRCUITRY 


i) ~ oO Ww RO 


— 


O};}O;] 0; 0/0 
Tee nen ee ee 
oO ;oOU j;R Fo [RP 
NIN [Ny [> [> [= Is 
Ro f= |[o |]@O [0 


Ld 
+— OSCILLATOR 
ne 
is 
ta 
Vss 
4 
otis | setector 


Fig. 1 Functional diagram. 


FAMILY DATA see Family Specifications 
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PINNING 

Vosc oscillator terminal 

Ve control voltage input 

V ; ; 

a min | reference voltage inputs 

ref max | 

I thermometer/pointer 
(choice select input) 

lp peak value; reset/9 or 18 bars 
(choice select input) 

I3 reset; repetitively reset 


(choice select input) 
0; to O78 bar outputs 
OR back plate output 


HEF4754V 


HEF4754VP : 28-lead DIL; plastic (SOT-117). 
HEF4754VD: 28-lead DIL; ceramic (cerdip) SOT-135A). 
HEF4754VT : 28-lead mini-pack; plastic 

(SO-28; SOT-136A). 


~ 7285215 


Fig. 2 Pinning diagram. 


FUNCTION TABLE 


pointer; 18 bars 
pointer; 9 bars 
thermometer; no peak value 

thermometer; peak value, repetitively reset 
thermometer; peak value, manually reset 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
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GENERAL DESCRIPTION 


The HEF4754V drives an 18-element bar graph LCD in linear relation to the control voltage (V,) ina 
pointer or thermometer mode. The first bar lights up when Vg is smaller than VT(par)2 (see equation 
[3] below). 

In the pointer mode, the circuit can drive 9 or 18 bars; in the thermometer mode, the circuit also 
drives the peak value indication. This can be reset or repetitively reset, after 1,5 to 2 seconds. 

The circuit has analogue and digital parts. The analogue part consists of 17 comparators, with their 
non-inverting inputs connected together and coupled to the control input V,. The inverting inputs of 
the comparators are connected in succession to the nodes of an 18-part resistor divider. The distance 
between the switching levels of the comparators is defined by the voltage difference across this civider. 
The extremities of the resistor divider are coupled via high-input amplifiers to the maximum reference 
voltage input and the minimum reference voltage input. 

The digital part has one reference output (Op) to drive the back plate, and 18 outputs (O71 te 07g) to 
drive each bar. Three latches and some gates are incorporated for each bar output. An on-chip oscillator 
(1024 Hz) with external R and C drives the circuit. The outputs are driven at 64 Hz. The select inputs 
[4 to 13 are provided with an on-chip pull-up element, and they may therefore be left floating (equals 
HIGH state). 


LINEARITY 
Vpp = 10 V; Veet max = 9,5 V; Vref min = 9,5 Vi Tamb = 25 OC 
AV} = 250 mV (this is the tolerance of the step voltage). 
Vstep = Vstep + AV1 [1] 
Vstep. is the (internal) voltage drop across the resistor-ladder network. 
(Vref max + AV2) — (Vref min + AV2) 


ND ee ee 2 

step 18 [2] 
AV is the maximum offset voltage spread of the on-chip voltage follower. 
AV = 250 mV. 


The linearity is guaranteed for Vpp > 10 V. 
The monotony between Vpp = 5 V and 10 V is guaranteed. During ramping-up of the input voltage 
a maximum of two bars might be activated simultaneously. 


ABSOLUTE VOLTAGE TRIGGER LEVEL 

The absolute voltage trigger level at the V, pin is VT(bar)n: 
VT(bar)n = (Vref min  AV2*) + { (n—1) Vstep + AV4 }, in which [3] 
n = number of bars;2 <n < 18. 


For n = 1 (first bar) see text above. 


* For AV2 the same sign (+ or —) should be used as in equation [2]. 


May 1983 


701 


HEF4754V 


702 


LSI 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage | Vpp —0,5to+18 V 
Voltage on any input Vy —0,5 to Vpp+0,5 V 
D.C. current into any input or output +1 max. 10 mA 
Storage temperature T stg —25 tot+ 125 °C 
Operating ambient temperature Tamb —20 to +85 °C 


NOTES (to D.C. CHARACTERISTICS) 
1. Vret min = 9,5 V; Vref max = 9,5 Vi Vose = Ve = OV; 14, lo and I3 at Vpp. 
2. Pin under test at Vss or Vpp, all other inputs simultaneously at Vss or Vpp. 
3. 1Q = 0; all inputs at Vgsg or Vpp. 
4.AtVpp= 5V: VoH= 4,5 V. 
At Vpp = 10 V: Voy = 9,5 V. 
At Vpp = 19 V: Voy = 13,5 V. 
5.AtVpp= 5V: Vo, =0,4 V; inputs at Vss or Vpp. 
At Vpp = 10 V: Voz, = 0,5 V; inputs at Vss or Vpp. 
At Vpp = 15 V: Vo, = 1,5 V; inputs at Vss or Vpp. 
6. Vref min + 4 V < Vref max- 
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D.C. CHARACTERISTICS 
Vss =OV 


+ 25 


min. max. min. typ. max. min. max. 


Quiescent device 5 — _ _ —- = — — wA 
current 10 IDD = _ — — 1000 —- _ LA 1 
15 — — — — 1600 — — pA 
Input leakage 5 — — — — 100 — — nA 
current (except) 10 jtlny j- - - = 100 - — nA 2 | 
select inputs) 15 = — — — 100 — — nA 
Input voltage HIGH 5 3,5 — 3,5 - — 3,5 — V 
select inputs 10 VIH 70 — 70 - —- 70 — V 
15 11,0 — 110—- — 11,0 — V 
Input voltage LOW 5 — 15 — — 1,5 = 15 V 
select inputs 10 VIL — 30 — — 3,0 = 3,0 Vv 
15 — 40 - — 40 — 40 V 
Output voltage 5 499 — 499 — — 495 — V 
HIGH 10 VoH {9,99 — 999 -—- — 995 — V 3 
15 — — 1499—- — — — V 
Output voltage 5 — 0,01 — — 001 —- 0,05 V 
LOW 10 VOL I- 0,01 — —- 001 —- 0,05 V 3 
15 — 0,01 — —- 001 — 0,05 V 
Output current 5 036 — 03 —- -—- 0,24 — mA 
HIGH 10 —loH |0,80 — 07 - - 056 — mA 4 
15 3,0 — 28 - — 2,60 — mA 
Output current 5 034 — 03 - -—- 0,24 — mA 
LOW 10 lOL 1,00 — 09 - - 0,72 — mA 5 
15 440 — 40 —- -—- 3,20 — mA 
Input voltage 5 — — 0 — 95 — —~ V 
control input V¢ 10 Vic = = 0 — 10 = = V 6 
15 — — 0 — 15 — — V | 
Max. input voltage 5 _ — 45 — 4,5 _ — V 
Vref max input 10 {ViRmax|— aa AS = G5 — = V 6 
15 - — 45 —- 145 — — V 
Min. input voltage 5 — — 05 — 0,5 - — V 
Vref min input 10 ViRmin|— — 05 — 5,5 — — V 6 
15 _- — 05 —- 105 — — V 
Operating supply current] 10 IDD — _ — 750 — — — vA | Fig. 3 


For notes see opposite page. 
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Fig. 3 Typical operating set-up. 
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DEVELOPMENT SAMPLE DATA 


This information is derived from development samples 
made available for evaluation. It does not necessarily 
imply that the device will go into regular production. 
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TRANSCEIVER FOR SERIAL DATA COMMUNICATION 


The HEF4755V transceiver is a circuit for serial data communication. It provides maximum trans- 
mission security and effectiveness. Therefore, in addition to the normal precautions, it contains a 
programmable digital bit-check, a programmable CRC (Cyclic Redundancy Check; Hamming 


distance 4 or 6) and format protection. 


The circuit has 8 possible operating modes: 
@® synchronous — error checking only 
— receiving 
— transmitting 
— receiving with data out and transmitting the same message 


@ asynchronous — error checking only 
— receiving 
— transmitting 
— receiving with data out and transmitting of a regenerated message. 


FEATURES 


@ Transmission rate: Vpp synchronous 


5 V 0,8 Mbaud 
7V 1,6 Mbaud 
10 V 3,2 Mbaud 


Inputs: standard LOCMOS 

Outputs: TTL compatible (1 TTL load) 

Operating ambient temperature range: —40 to + 85 °C 
Transmit or receive a serial binary data stream 

Start bit generation and recognition 

Format protection and checking 

Redundancy byte generation and checking 

Digital bit check 

Error recognition and error distinguishing 

8-bit parallel input/output transfer 


asynchronous 


31 kbaud 
62 kbaud 
125 kbaud 


SUPPLY VOLTAGE/CURRENT 


recommended 
operating 


rating 


475to126 V 
— mA 


Vpp —0,5 to+ 15 
Iss 30 


FAMILY DATA 
see Family Specification 
IDp LIMITS catagory LSI 
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TST 


MLO 


ML1 


DIOO 


DIO1 


DIO2 


DIO3 


DIO4 


DIO5 


DIO6 


DIO7 


HEF4755V 


7Z84751 


Fig. 1 Pinning diagram. 


HEF4755VP: 28-lead DIL; 


plastic (SOT-117). 


HEF4755VD: 28-lead DIL; ceramic 


(cerdip) (SOT-135). 


HEF4755VT : 28-lead mini-pack; 


plastic (SO-28;SOT-136A). 
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PINNING 

1 TST 

2 MLO | 
3 ML1 | 
4 DIOO | 
to to 

11 DIO7 | 
12 RX 

13 TX 

15 AS 

16 R 

17. START 
18 BUSY 
19 HD 

20 MOS 
21 MO 

22 MI 

23 DP 

24 ERR 
25 CP 

26 TT1 | 
27 TTO | 
28 Vpp 
14 Vss 


Test pin; during normal use 
connected to Vcs. When TST is 
HIGH (Vpp), internal check points 
are connected to the data bus. 


Input code for message length 
(see Table 1). 


Bidirectional data bus. 


Mode input: receive | see 
Mode input: transmit Table 
Mode input: asynchronous 2 


Reset; a positive signal resets 
all internal registers. 


Input start in transmitting mode; 
synchronization input (from MOS) 
in synchronous receiving mode. 


Output busy; active during 
receiving or transmitting a message. 


Hamming distance; determines the 
length of the redundancy byte: 
LOW = 7 bit (HD = 4) 

HIGH = 15 bit (HD = 6) 


Output message synchronization 
used in synchronous mode. 


Message output. 
Message input. 


Output data pulse; take-over pulse 
for data on the data bus. 


Output error; an active output 
means that at least 1 transmission 
error is recognized. 


Clock input; in synchronous mode 
equal to the transmission bit rate. 


Programming of the permissible 
time tolerance in bit distortion 
(see Table 3). 

Positive supply voltage; 4,5 V to 
12,5 V (is the logic HIGH level). 


Ground (is the logic LOW level). 


Transceiver for serial data communication HEF4755V 
LSI 


Table 1 Input code for message length 


MLO ML1 message length 


H H 6 data bytes 
L H 4 data bytes 
H L 2 data bytes 


variable length 
depends on 
| format byte 


Table 2 Input code for input mode 


L L L 

H L fi. receiving in synchronous mode 

L H L transmitting in synchronous mode 

H H L receiving messages (without redundancy bit); data parallel out; 


calculating of redundancy byte; transmitting data with redundancy 
byte in synchronous mode 


only bit check in asynchronous mode; no data output on data bus 
receiving in asynchronous mode 


transmitting in asynchronous mode 


ars. sift. ae = 
aE 1 
ae ae Se 


receiving and transmitting of a regenerated message in the 


RX TX AS 
status register connected to the data bus for error recognition 
asynchronous mode 


Table 3 Permissible time tolerance in bit distortion 


DEVELOPMENT SAMPLE DATA 


TT 1 TTO permitted distortion (dt/T) 


6/32 ~ 19% 
8/32 = 25% 
10/32 + 31% 
12/32 ~ 37% 


Bake 
gly A? ds 


H = HIGH state (the most positive voltage) 
= LOW state (the least positive voltage) 
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2 2 (1) (1) 
TTO, TT1 Sas 
RX TX, AS—+—> BIT CHECK CODE 
START, 3 CONTROL RECOGNITION 
CP, R : : 
BUSY 
DP, ERR STATUS 
HD REGISTER 
MLO, ML1 


SHIFT 


REDUNDANCY 


DIOO __} 
o. <8.) 
DIO7 


REGISTER 
FOR BYTE 
| FORMAT CALCULATOR 
PROTECTION & 
(1) or aRT —  & CHECKER 
CODE CHECKING 
VoD GENERATOR 
Vss | 
TST 
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(1) Only used in the asynchronous mode. 


Fig. 2 Block diagram. 


CP —— 125 


DIOO 
DIO7 


BUSY 


ERR 


| Fig. 3 Functional diagram. 
MOS MO 7284754 
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Transceiver for serial data communication 


DEVELOPMENT SAMPLE DATA 


FUNCTIONAL DESCRIPTION 


General 


HEF 4755V 
LSI 


The HEF4755V is used for protected-bit serial data communication. This protection makes it 


necessary to subdivide the serial data stream into data blocks called messages. 


Messages 


In the synchronous mode the HEF4755V will transmit or receive a message as follows: 


start size O to 7 data bytes redundancy 


code byte check byte 
7284753 


The first bit of a transmitted message is the start-bit which cannot be mis interpreted. It instructs the 
receiver, that information transfer has started and it defines the time-window for the following bits. 
The start-bit is only necessary in the asynchronous mode and it is omitted in the synchronous mode. 
The first byte contains the number of data bytes that will follow. This byte is checked by the receiver 
and if a discrepancy is found, the receiver reports a code-error. This first byte is called ‘size’. 

The number of data bytes can also be fixed by wiring of the transmitter as well as the receiver. In this 


case the size byte is omitted. 


per message is 2°° = 10". 


'. There is no protocol on the information of the data bytes, so the maximum number of informations 


The redundancy check byte secures the data bytes against transmission errors. This byte is calculated 
in parallel to the data stream and it is send as last byte by the transmitter. The receiver calculates its 
own redundancy byte and compares it with the received one. If there is a discrepancy, the receiver 


reports a code error. 
Code protection 
Size 


The coding of the size byte is as follows: 


DIOQ=C 

DIO1=B n=C:27+B-2'+A-2° 
DIO2=A J 

DIO3 =P =C®BOA 


The information is transmitted as follows: 


7284752 


With this, a hamming distance of 4 is obtained. 
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FUNCTIONAL DESCRIPTION (continued) 
Redundancy byte 


The redundancy byte completes the data bytes with 15 (7) bits as a code word. If only one bit in the 
information has changed during the transmission, the two code words will differ by at least 6 (4) bit 
positions. So a change of up to 5 (3) bits will always be observed, even every odd number of false bits 
will be recognized. The HEF4755V has a programmable redundancy bit calculator which carries out 
this protection (the numbers given in parentheses are valid for the alternative possibility). 

lf the transmission line carries extreme noise, this kind of message protection is less effective. In this 
case, the message is protected by checking bit-per-bit in a smaller time scale (see ‘bit protection’ below). 


Bit protection 


The HEF4755V checks every received bit within the time window defined by the start-bit. The pro- 
grammed time tolerance (19%, 25%, 31% and 37%) determines that the bit protection circuit decides 
after 32 samples which bit is a true logic HIGH or LOW level, or an error. In the latter case, there are 
too many samples HIGH to obtain a LOW and, too many samples LOW to obtain a HIGH. 


Transmitting 


In the transmitting mode the HEF4755V uses the data pulse signal (DP, pin 23) to take 8 bits from 
the data bus. These parallel bits are shifted serially to the message output (MO). 


Receiving 


In the receiving mode the HEF4755V receives serial bits at the message input (M1). The circuit checks 
the message for transmission errors and, with every data pulse, 8 bits are transferred in parallel to the 
data bus. Every recognized error is stored and the error output is activated. The kind of error can be 
recognized by reading the status register over the data bus. 


Asynchronous and synchronous mode 


If only one transmission line is available, then the receiver waits for the start-bit, synchronizes itself 
on the start bit and receives all the data bits of one message. This is called the asynchronous mode. 
By using 3 transmission lines, the circuit can go to the synchronous mode. \|n this case it is possible to 
transmit also the clock signal (CP) and message synchronization signal (MOS) in parallel with the 
data bits. The start bit and the bit check are omitted. In the synchronous mode the maximum 
transmission speed is 32 times the maximum speed in the asynchronous mode. 


In asynchronous receive mode a reset pulse is necessary between two messages. It is possible to derive 
this reset pulse from the busy signal by using hardware. The duration of the START-pulse at the trans- 
mitter must always be shorter than the message to be transferred. A good procedure for achieving this 
is to use the BUSY-signal to end the START-pulse. The recovery time between two messages must be 
at least two bit periods. During this time, the line must remain stable to prevent generation of an error. 
This must be ensured with external hardware/software. 


In the synchronous receive mode, the duration of the START-pulse at the transmitter must always be 
shorter than the message to be transferred. A good procedure for achieving this is to use the BUSY- 
signal to end the START-pulse. A continuous START-signal will cause malfunction. The recovery time 
between two messages must be at least one bit period. During this time, the message line must remain 
stable. A good way to achieve this is to use the trailing-edge of the BUSY-signal to generate a START - 
signal. In practice, if data is delivered to the transmitter fast enough, START can be BUSY. If the lines 
have different delays, the message line should have the longest delay. If it is not certain which line has 
the longest delay it is possible to phase-shift the clock signal of the receiver by inverting it. This is only 
possible with point-to-point lines. 
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D.C. CHARACTERISTICS 
Vss = 0 V; Tamb = —40 to + 85 °C; unless otherwise specified 


peat nage be a eta ae ae Bp ere ee ma —— 
parameter VDD symbol | min. typ. max. conditions 
V 


a as ot Le GE ta a ed ad ee —| 2 Sedat et Batted at eet mt 
Outputs | 
4,75 to | | 
Output voltage LOW 12.6 | VOL — — 04; V | lor =18mA 
{| =2,3mA 
475 | VoL ~ 04) Vv ae aoe. 
4,75 to | 
Output voltage HIGH 12.6 VOH Vpp-1 - — |V | =l9H = 1,1 mA 
| —| =14mA 
4,75 VoH | VYpp-! — ey eee = 25 °C 
Inputs/outputs 
a As outputs | 
| 4,75 to 
< Output voltage LOW 456 VOL [= — 04 )V lol = 1,8 mA 
Ww | i} lot = 2,3 mA 
a 4,75 VOL | ~ — O04 :5V Tamb = 25 °C 
< 4,75 to 
e Output voltage HIGH | 45 6 VOH | Vpp-1. — Sy —l9y = 1,1 mA 
za 
Lu | —loH = 1,4 mA 
4,75 V | Vonpj-1 — — |V 
= OH | DD | Tamb = 25 °C 
S Output leakage current | 
> HIGH 12,6 loZH — — 20 yA | VOH = 12,6 V 
Q Vou = 12,6 V 
12,6 |OZH 7 ss 5 | uA | ae =250C 
LOW —lOoZL = — 20 | uA VoL =O0V 
VoL =OV 
—!OZL = ~ a eee oc 
As inputs 
4,75 to 
Input voltage LOW 12.6 VIL 0 — O3Vpp!1V 


4,75 to 
Input voltage HIGH 12.6 VIH 07 Vp _ Vpp | V | 
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A.C. CHARACTERISTICS 
Vss =0 V; Tamb = —40 to + 85 9C; unless otherwise specified 


V ; ae 
ta min. typ. max. unit conditions 


Asynchronous mode 


Clock pulse width 
LOW 


HIGH 


START pulse 
width HIGH 


Set-up time 
Dy, —» CP 


Hold time 
CP —»> Dn, 


Reset (R) pulse 
width HIGH 


Synchronous mode 
Clock pulse width 


LOW 
HIGH 
Set-up time 
START —» CP 
Hold time 
CP —» START 
Set-up time 
Hold time 
CP —> Dy 
Reset (R) pulse 
width HIGH 
Note | 


Measured between output voltage levels of 0,8 V and 2 V. 
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Vop 
cP 
INPUT 
Vss 
VpD 
DATA/START 
INPUT 


> 
7Z90169 


twsH —————> 


Fig. 4 Waveforms showing the clock, data and start timing. 


DEVELOPMENT SAMPLE DATA 


VLZ 


E861 Ae 


<— SUL SUL 


Ee pe Ny See ea fe ede ery Nl Re | common 


Eh aes Pe ara mae ai | clock 
F D5 Dy 


HEF4755V 


HEF4755V 


7Z84758 


Fig. 5 Function/timing diagram when using the HEF4755V in the asynchronous mode where the byte number per message is variable and the 
hamming distance is 4. 
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Fig. 6 Function/timing diagram when using the HEF4755V in the asynchronous mode where the byte number per message is variable and the 


hamming distance is 4. 
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HEF 40097B 


buffers 


[ — 
3-STATE HEX NON-INVERTING BUFFER ee 


The HEF40097B is a hex non-inverting buffer with 3-state outputs. The 3-state outputs are controlled 
by two enable inputs (EOQq and EO). A HIGH on EOg causes four of the six buffer elements to 
assume a high impedance or OF F-state, regardless of the other input conditions and a HIGH on EQ9 
causes the outputs of the remaining two buffer elements to assume a high impedance or OF F-state, 
regardless of the other input conditions. 


7269520.2 


Fig. 2 Pinning diagram. 


HEF40097BP : 16-lead DIL; plastic (SOT-38Z). 
HEF40097BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF40097BT : 16-lead mini-pack; plastic 
(SO-16; SOT-109A). 

PINNING 

I1 to lg buffer inputs 

E04, EO enable inputs (active LOW) 

O; to Og buffer outputs (active HIGH) 


7275394.1 


Fig. 1 Functional diagram. 


FAMILY DATA 
! see Family Specifications 


Ipp LIMITS category BUFFERS 
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Fig. 3 Logic diagram. 


D.C. CHARACTERISTICS 
Voss =O0V 


Tamb (°C) 
YDD | YOH +25 +85 
V V ; ; 
min. max. min. max. 
Output current 5 46 1,0 0,8 mA 
HIGH 10 9,5 3,2 2,5 mA 
| 15 13,5 10,0 8,0 mA 
HIGH 5 2,5 32 2,5 mA 
Output current | 4,75 2,9 2,3 mA 
LOW 10 10,0 8,0 mA 
15 20,0 16,0 mA 


October 1980 


3-state hex non-inverting buffer HEF40097B 
buffers 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


— 


+ Propagation delays 
I, —» On 60 ns + (0,20 ns/pF) Ci. 
HIGH to LOW 10 tpHL 30 60 ns 26 ns + (0,08 ns/pF) Cy 
15 25 5C ons 22 ns + (0,06 ns/pF) Cy 
5 60 120 ~—sns 45 ns + (0,30 ns/pF) Cy 
LOW to HIGH 10 tpLyH 25 50 =o ns 19 ns + (0,13 ns/pF) Cy 
16 ns + (0,09 ns/pF) Cy 

Output transition 
times 5 30 60 ns 15 ns + (0,30 ns/pF) Cy 


HIGH to LOW 10 tTHL 15 30. ns | 10ns+ (0,11 ns/pF) Cy 
15 10 20 ~—sns 7 ns + (0,07 ns/pF) Cy. 

5 35 70 ons 10 ns + (0,50 ns/pF) Cy. 

LOW to HIGH 10 tTLH 20 40 ns 8 ns + (0,24 ns/pF) Cy 
Lis 6 ns + (0,18 ns/pF) Cy 


3-state propagation 

delays 
Output disable times 

EO9, E04 —» On 5 
HIGH 


LOW 


Output enable times 
EQ7, E04 —® On 
HIGH 


where 
f; = input freq. (MHz) 

fo = output freq. (MHz) 
C, = load cap. (pF) 
X(f>C,) =sum of outputs 
VDp = supply voltage (V) 


typical formula for P (uW) 


Dynamic power 
dissipation per 
package (P) 


5 400 fj + Z(fgC)) x VppD? 
25 200 f; + L(foCy ) x VoD? 
96 500 fj + X(f5C,) x VoD’ 
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buffers 


_- 
3-STATE HEX INVERTING BUFFER Gs 


The HEF40098B is a hex inverting buffer with 3-state outputs. The 3-state outputs are controlled by 
two enable inputs (EO4 and EO). A HIGH on EQ, causes four of the six buffer elements to assume 

a high impedance or OFF -state regardless of the other input conditions and a HIGH on EQ9 causes the 
outputs of the remaining two buffer elements to assume a high impedance or OF F-state regardless of 
the other input conditions. 


7Z269521.2 


Fig. 2 Pinning diagram. 


HEF40098BP : 16-lead DIL; plastic (SOT-38Z). 
HEF40098BD: 16-lead DIL; ceramic (cerdip) (SOT- a 
HEF40098BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


PINNING 

lq to lg buffer inputs 

EQq4, EO2_ enable inputs (active LOW) 
O,toOg buffer outputs (active LOW) 


P. 
», 
P. 
Sc 
7 
P. 
>. 


4 


7284403 


Fig. 1 Functional diagram. 


FAMILY DATA 
| see Family Specifications 


IDp LIMITS category BUFFERS J 
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Fig. 3 Logic diagram. 


D.C. CHARACTERISTICS 
Vss =OV 


Tamb (OC) 
+25 +85 
min. max. min. max. 


Output current 
HIGH 


HIGH 


Output current 
LOW 
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3-state hex inverting buffer 


A.C. CHARACTERISTICS 


Propagation delays 


lI, —» 0, 
LOW to HIGH 
Output transition 

times 5 
HIGH to LOW 10 
15 
5 
LOW to HIGH 10 
15 


3-state propagation 
delays 
Output disable times 
EO9, E04 —» On 5 


HIGH 10 
15 
S, 

LOW 10 
15 


Output enable times 


| 
HIGH to LOW 
EQO7, EO, —> On 5 
| 
| 


tTHL 15 30 
10 20 
35 70 
tTLH 20 40 
15 30 
45 85 
tpH7 35 65 
30 60 
65 135 
tpLZ 40 80 
35 70 
70 140 
tp7H 35 75 
30 65 
90 185 
tp7 40 85 
35 70 


HIGH 10 
15 
5 
LOW 10 
15 
VDD 
V 
Dynamic power 5 
dissipation per 10 
package (P) 15 


buffers 


70 ns + (0,20 ns/pF) Cy | 
31 ns + (0,08 ns/pF) Cy 
22 ns + (0,C6 ns/pF) Cy 
50 ns + (0,30 ns/pF) Cy 
24 ns + (0,13 ns/pF) Cy 
23 ns + (0,05 ns/pF) Cy 


15 ns + (0,30 ns/pF) Cy 
10 ns + (0,11 ns/pF) Cy 
7 ns + (0,07 ns/pF) Cy. 
10 ns + (0,50 ns/pF) Cy 
8 ns + (0,24 ns/pF) Cy 
ns 6 ns + (0,18 ns/pF) Cy 


ns 
ns 


Ns 


typical formula for P (uW) 


5 000 f; + Z(foC_ ) x Vpop’ 
22 809 f; + Z(foCy ) x Vpp? 
81000 f; + Z(foCL) x Vpp’ 


where 
f; = input freq. (MHz) 

fy = output freq. (MHz) 
C, = load cap. (pF). 
X(foC _) =sum of outputs: 
V pp = supply voltage (V) 
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HEX INVERTING SCHMITT TRIGGER 


Each circuit of the HEF40106B functions as an inverter with Schmitt-trigger action. The Schmitt- 
trigger switches at different points for the positive and negative-going input signals. The difference 
between the positive-going voltage (Vp) and the negative-going voltage (V\y) is defined as hysteresis 
voltage (V4). 

This device may be used for enhanced noise immunity or to ‘square up” slowly changing waveforms. 


7274609 


Fig. 2 Pinning diagram. 


HEF40106BP : 14-lead DIL; plastic (SOT-27K, M, T). 
HEF40106BD: 14-lead DIL; ceramic (cerdip) (SOT-73). 
HEF40106BT : 14-lead mini-pack; plastic 

(SO-14; SOT-108A). 


if Wh >of >o-o, 


7284164 


7274608.1 


Fig. 1 Functional diagram. Fig. 3 Logic diagram (one inverter). 


FAMILY DATA 
see Family Specifications 


IpDp LIMITS category GATES 


May 1983 725 


=< Products approved to CECC 90 104-092. 


HEF 40106B 


gates 


D.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC 


YDD min. typ. max. 


Hysteresis 0,5 0,8 NV 
voltage Vy 0,7 1,3 V 
0,9 1,8 V 

Switching levels 2 3,0 3,5 V 
positive-going Vp 3,7 5,8 7 V 
input voltage 49 8,3 11 V 
negative-going 1,5 2,2 3 V 
input voltage VA 3 45 6,3 V 

4 6,5 10,1 V 


Vo 


ae 


Vn Vp 7269995.2 


Fig. 4 Transfer characteristic. 


7284130.1 


Fig. 5 Waveforms showing definition of Vp, Vjyy and Vy, where Vj and Vp are between limits of 
30% and 70%. 
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Hex inverting Schmitt trigger 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 °C; Cy = 50 pF; input transition times < 20 ns 


VDD | bol | : typical extrapolation 
Vv symbo yp. max. pacer 


Propagation delays 
4 Op, 63 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 tpy 35 70 sons 24 ns + (0,23 ns/pF) Cy 
15 30 60 ns 22 ns + (0,16 ns/pF) Cy 
5 75 150 =o ns 48 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 tel 35 70 ns 24 ns + (0,23 ns/pF) Cy 
15 30 60 ns 22 ns + (0,16 ns/pF) Cy 
Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 10 tTHL | 30 60 ns 9 ns + (0,42 ns/pF) Cy. 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy 
5 60 120 ns 10 ns + (1,0 ns/pF) Cy. 
LOW to HIGH 10 tTLH 30 60 ~—ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ons 6 ns + (0,28 ns/pF) Cy 


where 
f; = input freq. (MHz) 
fy = output freq. (MHz) 


typical formula for P (uW) 


‘Dynamic power 2 300 fj + L(foC_) x Vpp* | Cy = load capacitance (pF) 
dissipation per 9000 f}+ Z(foCL) x Vpp’? =| LlfoCy) = sum of outputs 
package (P) 20 000 f} + 2(foCL) x Vpp’ Vpp = supply voltage (V) 
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Fig. 6 Typical drain current as a function of 
input voltage; Vpp = 5 V; Tamb = 25 OC. 
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Fig. 8 Typical drain current as a function of 
input voltage; Vpp = 15 V; Tamb = 25 OC. 
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Fig. 7 Typical drain current as a function of 
input voltage; Vpp = 10 V; Tampb = 25 OC. 


Hex inverting Schmitt trigger HEF40106B 


7284163 
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Fig. 9 Typical switching levels as a function of supply voltage Vpp; Tamb = 25 °C. 
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Fig. 10 Schmitt trigger driven via a high impedance (R > 1 k&2). 


If a Schmitt trigger is driven via a high impedance (R > 1 k&2) then it is necessary to incorporate a 
C _ Vpp-Vss ee | 
capacitor C of such value that: a > ae ae otherwise oscillation can occur on the edges of a pulse. 
p H 
| Cy is the external parasitic capacitance between input and output; the value depends on the circuit 
board layout. 
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APPLICATION INFORMATION 
Some examples of applications for the HEF40106B are: 


@ Wave and pulse shapers 
@ Astable multivibrators 
@ Monostable multivibrators. 


i 7284166 


Fig. 11 The HEF40106B used as an astable multivibrator. © 
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4-BIT SYNCHRONOUS DECADE COUNTER ii 
WITH ASYNCHRONOUS RESET atl 


The HEF40160B is a fully synchronous edge-triggered 4-bit decade counter with a clock input (CP), an 
overriding asynchronous master reset (MR), four parallel data inputs (Pg to P3), three synchronous 
mode control inputs (parallel enable (PE), count enable parallel (CEP) and count enable trickle (CET)), 
buffered outputs from all four bit positions (Og to O3) and a terminal count output (TC). 


Operation is fully synchronous (except for the MR input) and occurs on the LOW to HIGH transition 
of CP. When PE is LOW, the next LOW to HIGH transition of CP loads data into the counter from Pg 
to P3 regardless of the levels of CEP and CET inputs. 


When PE is HIGH, the next LOW to HIGH transition of CP advances the counter to its next state only 
if both CEP and CET are HIGH; otherwise, no change occurs in the state of the counter. TC is HIGH 
when the state of the counter is 9 (Og = O3 = HIGH, 07 = Og = LOW) and when CET is HIGH. A LOW 
on MR sets all outputs (Og to O3 and TC) LOW, independent of the state of all other inputs. Multistage 
synchronous counting is possible without additional components by using a carry look-ahead counting 
technique; in this case, TC is used to enable successive cascaded stages. CEP, CET and PE must be 
stable only during the set-up time before the LOW to HIGH transition of CP. 


7Z75109.2 


Fig. 1 Functional diagram. 


FAMILY DATA 
see Family Specifications 
Ipp LIMITS category MSI 
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4-bit synchronous decade counter with asynchronous reset HEF40160B 


MSI 
PINNING 
: — PE parallel enable input 
Vpp TE Op 0, Of O03 CET PE Po toP3 parallel data inputs 

CEP count enable parallel input 

HEF40160B CET count enable trickle input 
CP clock input (LOW to HIGH, 
_ edge-triggered) 
MR master reset input (active LOW) 


Og to O3_-~__siparaiiel outputs 
7Z75112.1 
TC terminal count output 


Fig. 3 Pinning diagram. 


HEF40160BP : 16-lead DIL; plastic (SOT-382Z). 
HEF40160BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF40160BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


SYNCHRONOUS MODE SELECTION TERMINAL COUNT GENERATION 


preset 
no change 
no change 
count 


TC = CET-09°01:09:03 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 


Ey gee Eps EE 


onag 
Cz: 


NE 


ae oe a 2] Fig. 4 State diagram. 


7275086 
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A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; input transition times < 20 ns 


where 

f; = input freq. (MHz) 
_ fg = output freq. (MHz) 

Dynamic power 1 200 f+ Z(foCy) x Vpp’ 7 | Cy = load capacitance (pF) 

dissipation per 5 600 fj + Z(foC,_) x Vpp’ 7 X(f5C,) = sum of outputs 

package (P) 16 000 fj + X(foCy_) x Vpp? Vpp = supply voltage (V) 


typical formula for P (uW) 


A.C. CHARACTERISTICS 
VSS 0 V; Tamb = 25 OC; C= 50 pF; input transition times < 20 ns 


typical extrapolation 


wee formula 
eer delays 
CP —» 0, 110 220° ons 83 ns + (0,55 ns/pF) Cy 
HIGH to LOW 45 90 ns 34 ns + (0,23 ns/pF) Cy 
30 60 ns 22 ns+ (0,16 ns/pF) Cy | 
115 230 ns 88 ns + (0,55 ns/pF) C; 
LOW to HIGH 45 95 ns 34 ns + (0,23 ns/pF) Cy 
35 65 ns 27 ns + (0,16 ns/pF) Cy, | 
cP —» TC 130 260 ns | 103ns+ (0,55 ns/pF) Cy 
HIGH to LOW 55 105 ons 44 ns + (0,23 ns/pF) Cy. 
35 75 ns 27 ns + (0,16 ns/pF) Cy 
140 280 ons 113 ns + (0,55 ns/pF) Cy. 
LOW to HIGH 55 115 ons > 44 ns + (0,23 ns/pF) Cy 
40 80 ns 32 ns + (0,16 ns/pF) Cy 
CET —» TC 105 210° ns 78 ns + (0,55 ns/pF) Cy. 
HIGH to LOW 50 100 ons 39 ns + (0,23 ns/pF) Cy 
35 75 ons 27 ns + (0,16 ns/pF) Cy 
90 185 ns 63 ns + (0,55 ns/pF) Cy 
LOW to HIGH 35 70 ons 24 ns + (0,23 ns/pF) Cy. 
25 50 ons 17 ns + (0,16 ns/pF) Cy 
| MR —» On 120 245 ns 93 ns + (0,55 ns/pF) Cy 
HIGH to LOW 50 100 ~~ ns 39 ns + (0,23 ns/pF) Cy 
35 70 ons 27 ns + (0,16 ns/pF) Cy 
MR —*TC 145 295 as 118 ns + (0,55 ns/pF) Cy 
HIGH to LOW 60 120 ns 49 ns + (0,23 ns/pF) Cy 
45 85 ons 37 ns + (0,16 ns/pF) Cy 
Output transition | 
times 60 120° ns 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 30 60 ns 9 ns + (0,42 ns/pF) Cy. 
20 40 ons 6 ns + (0,28 ns/pF) Cy 
: 60 120 ns 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 30 60 ons 9 ns + (0,42 ns/pF) Cy. 
20 40 ns 6 ns + (0,28 ns/pF) Cy 
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4-bit synchronous decade counter with asynchronous reset 


A.C. CHARACTERISTICS 


Vss =0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


HEF 40160B 


MSI 


Vv symbol 
Minimum clock 5 
pulse width; LOW , 10 | twecpL 
15 
Minimum MR 5 
pulse width; LOW | 10 | twwre 
| 15 
Recovery time 5 
for MR 10 tRMR 
15 
Set-up times 5 
15 
7 5 
PE —» CP 10 tsy 
15 
5 
CEP, CET —®» CP | 10 tsy 
15 
‘Hold times 5 
15 
_ 5 
PE —» CP 10 thold 
15 
5 
CEP, CET —» CP | 10 thold 
15 
Maximum clock 5 
~ pulse frequency 10 | fmax 
15 


min. 


100 
40 
30 


100 
40 
30 


25 
15 
10 


110 
40 
30 


120 
40 
25 


260 


typ. 


50 
20 
15 


10 
130 


ns 
ns 
ns 


ns 
ns 
Ns 


ns 
Ns 
Ns 


Ns 
Ns 
Ns 


ns 
ns 
ns 


Ns 
Ns 
ns 


ns 
NS 
ns 


Ns 
Ns 
Ns 


Ns 
ns 
Ns 


MHz 
MHz 
MHz 


see also waveforms 
Figs 5,6, 7 and 8 
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HEF40160B 
Msi 


CP INPUT 


Conditions 

PE = LOW 

Pg to P3 = HIGH 
Og OUTPUT 


7Z75097.1 


Fig. 5 Waveforms showing minimum CP and MR pulse widths and MR to CP recovery time. 


—_ << toy —_ =z loy 


CP INPUT 


reve 
= 7 ]-- 


7 FL 


O,, OUTPUT 


7Z75093.1 
Fig. 6 Waveforms showing set-up times and hold times for CEP and CET inputs. 


Conditions: PE = MR = HIGH. 
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4-bit synchronous decade counter with asynchronous reset HEF 40160B 


MSI 
—_ a a toy — ie toy 
CP INPUT 
a Yi 
A 
f 
P 
n INPUT Yj a \ 
Ad Conditions 
PE = LOW 
MR = HIGH 
0, OUTPOT 
7275096.1 
Fig. 7 Waveforms showing set-up times and hold times for P, inputs. 
ie <e— toy > = tou 
CP INPUT 
= thold 
NJ 
\ 
PE INPUT \\ 
W 
Condition 
MR = HIGH 
O, OUTPUT ve 
7Z75094.1 


Fig. 8 Waveforms showing set-up times and hold times for PE inputs. 


Note 


Set-up and hold times are shown as positive values but may be specified as negative values. 
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HEF40160B 


MSI 


MR —S L_f[fasynchronous) i ittititi(‘Cét;”!”!”!”!OOO!OOOOO 
PE 

Po pe ee ee 
Pi Bese a ap one eye eee 
7 a ee fe ee 
P3 Pee eee 
CP 


7, 8 9 0 1 2 3 


| Pe aes count ——— =. |. — (nh ibit —— 
reset preset 7Z85112 


Fig. 9 Timing diagram. 
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4-bit synchronous decade counter with asynchronous reset HEF 40160B 
MSI 


APPLICATION INFORMATION 
An example of an application for the HEF40160B is: 


@ Programmable decade counter. 
clock 


cep PE Po P1 P2 P3 


HEF40160B TC 


Og 01 O92 Og 


e 
= HEF40160B 
e 
\) 
| HEF40160B 
e 


NOTE 


O 
anes On the TC outputs, glitches can occur 
| bees during counting. In totally synchronous 
fh HEF40160B mode they will not have any adverse affect. 
| e However the TC output in asynchronous 
mode can cause problems. 


| ions: HEF40160B 
0 Fig. 10 Synchronous multi-stage 
counting scheme. 


7285114 
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HEF 40161B 
MsI 


Ee eee EE Pak i ar 


4-BIT SYNCHRONOUS BINARY COUNTER -~ 
WITH ASYNCHRONOUS RESET Ss 


The HEF401618B is a fully synchronous edge-triggered 4-bit binary counter with a clock input (CP), an 
overriding asynchronous master reset (MR), four parallel data inputs (Po to P3), three synchronous 
mode control inputs (parallel enable (PE), count enable parallel (CEP) and count enable trickle (CET)), 
buffered outputs from all four bit positions (Og to 03) and a terminal count output (TC). 


Operation is fully synchronous (except for the MR input) and occurs on the LOW to HIGH transition 
of CP. When PE is LOW, the next LOW to HIGH transition of CP loads data into the counter from P9 
to P3 regardless of the levels of CEP and CET inputs. 


When PE is HIGH, the next LOW to HIGH transition of CP advances the counter to its next state only 
if both CEP and CET are HIGH; otherwise, no change occurs in the state of the counter. TC is HIGH 
when the state of the counter is 15 (01 to O3 = HIGH) and when CET is HIGH. A LOW on MR sets 
all outputs (Og to 03 and TC) L.OW, independent of the state of all other inputs. Multistage 
synchronous counting is possible without additional components by using a carry look-ahead counting 
technique; in this case, TC is used to enable successive cascaded stages. CEP, CET and PE must be 
stable only during the set-up time before the LOW to HIGH transition of CP. 


ane PARALLEL LOAD CIRCUITRY 


ace 7 "8" 
—- : CP BINARY COUNTER 


14 13 12 11 LZBONID 


Fig. 1 Functional diagram. 


FAMILY DATA , 
| see Family Specifications 


Ipp LIMITS category MSI 
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i , i 
A AS A 
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4-bit synchronous binary counter with asynchronous reset HEF40161B 


MSI 
PINNING 
PE parallel enable input 
Po to P3 parallel data inputs 
CEP count enable parallel input 
CET count enable trickle input 
CP clock input (LOW to HIGH, 
_ edge-triggered) 
MR master reset input (active LOW) 


Og to O03 -__s parallel outputs 
MEL ROOD TC terminal count output 


Fig. 3. Pinning diagram. 


HEF40161BP : 16-lead DIL; plastic (SOT-382Z). 
HEF40161BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF40161BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


SYNCHRONOUS MODE SELECTION TERMINAL COUNT GENERATION 


(09°01-09-03) | TC 


preset 
no change 


no change 
count 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
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HEF 40161B 
MsI 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; input transition times < 20 ns 


VDD where 
| P 
typical formula for P (uW) f. = input freq. (MHz) 
f = output freq. (MHz) 
5 


1 200 f + Z(f9CL) x Vpp’ C. = load capacitance (pF) 


Dynamic power 
dissipation per 10 5 600 fj + LifoCL) x Vpp? X(foC__) = sum of outputs 
package (P) 15 | 16000 f; + Z(foC,) x Vpp? Vpp = supply voltage (V) 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


VpD typical extrapolation 
ae 3 i = _ 


Propagation delays 


CP —* 0, 110 220 ons 83 ns + (0,55 ns/pF) Cy. 
HIGH to LOW 45 90 ns 34 ns + (0,23 ns/pF) Cy. 
30 60 ns 22 ns + (0,16 ns/pF) Cy 
115 230° ons 88 ns + (0,55 ns/pF) Cy 
LOW to HIGH 45 95 ns 34 ns + (0,23 ns/pF) Cy 
| 35 65 ns 27 ns + (0,16 ns/pF) Cy 
P Gpaes TE 130 260 ns | 103ns+ (0,55 ns/pF) Cy 
HIGH to LOW 55 105 ns , 44ns+ (0,23 ns/pF) Cy 
35 75 ons 27 ns + (0,16 ns/pF) Cy. 
140 280 ons 113 ns + (0,55 ns/pF) Cy 
LOW to HIGH 55 115 ~~ ns 44 ns + (0,23 ns/pF) Cy 
40 80 ~—sns 32 ns + (0,16 ns/pF) Cy 
CET —»TC 105 210° os 78 ns + (0,55 ns/pF) Cy 
HIGH to LOW 50 100 = ons 39 ns + (0,23 ns/pF) Cy 
35 75 ns 27 ns + (0,16 ns/pF) Cy 
90 185 ns 63 ns + (0,55 ns/pF) Cy 
LOW to HIGH 35 70 ons 24 ns + (0,23 ns/pF) Cy. 
25 50 ~—ons 17 ns + (0,16 ns/pF) Cy 
MR — 0, 120 245 ons 93 ns + (0,55 ns/pF) Cy 
HIGH to LOW 50 100 ns 39 ns + (0,23 ns/pF) Cy 
35 70 sins 27 ns + (0,16 ns/pF) Cy 
MR —®TC 145 295 ns 118 ns + (0,55 ns/pF) Cy. 
HIGH to LOW 60 120 ns 49 ns + (0,23 ns/pF) Cy 
45 85 sins 37 ns + (0,16 ns/pF) Cy 
Output transition | 

times 60 120 ons 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 30 60 ns 9 ns + (0,42 ns/pF) Cy 
20 40 ons 6 ns + (0,28 ns/pF) Cy 

60 120 ns 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 30 60 ns 9 ns + (0,42 ns/pF) Cy 
20 40 ns 6 ns + (0,28 ns/pF) Cy 
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4-bit synchronous binary counter with asynchronous reset | HEF 40161B 
MSI 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 °C; Cy = 50 pF; input transition times < 20 ns 


Minimum clock 100 
pulse width; LOW ic twepL | 40 a ns 
15 30 15 ns - 
Minimum MR 5 100 50 ns 
pulse width; LOW 10 | twmRcL| 40 20 ns 
15 30 15 ns 
Recovery time 5 25 0 ns 
for MR 10 | tryr 15 0 ns 
15 10 0 ns 
Set-up times 5 110 55 ns 
Py, —®» CP 10 | toy 40 20 ns 
15 30 15 ns 
5 120 60 ns see also waveforms 
PE —» CP 10 | toy 40 20 ns Figs 5,6, 7 and 8 
15 25 10 ns 
5 260 130 ns 
CEP, CET —» CP 10 | tey 100 50 ns 
15 70 35 ns 
Hold times 5 20 —35 ns 
Ph —» CP 10 | thold 10 —10 ns 
15 5 —10 ns 
= 5 15 —45 ns 
PE —» CP 10 | thold 5 —15 ns 
15 5 —10 ns 
5 25 —105 ns 
CEP,CET —* CP | 10 | tholg 15 —35 ns 
15 10 —25 ns 
Maximum clock 5 2,5 5 MHz 
pulse frequency 10 | fmax 7 14 MHz 
15 9 18 MHz 
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HEF 40161B 
Ms! 


CP INPUT 


Conditions 
PE = LOW 
Pg to P3 = HIGH 


Og OUTPUT 


7275097,1 


Fig. 5 Waveforms showing minimum CP and MR pulse widths and MR to CP recovery time. 


Sa, Se toy 


Seal — 


< \ thold — <—. 


O,, OUTPUT. 


7275093.1 


Fig. 6 Waveforms showing set-up times and hold times for CEP and CET inputs. 
Condition: PE = MR = HIGH. 
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4-bit synchronous binary counter with asynchronous reset 


HEF 40161B 
Ms! 


CP INPUT 
+! i+ thold Wi 
A XS 
\ Nil 
P_ INP 
, a ON 
; Congicians 
= LOW 
MR = HIGH 
O,, OUTPUT 
7Z275096.1 
Fig. 7 Waveforms showing set-up times and hold times for Py, inputs. 
—_— oy 
CP INPUT 
Uf 
PE INPUT 
Condition 
MR = HIGH 
O, OUTPUT 


7Z75094,1 


Fig. 8 Waveforms showing set-up times and hold times for PE input. 


Note 
Set-up and hold times are shown as positive values but may be specified as negative values. 
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HEF 401616 
MsI 


i 


ie CD CP A Vn > GD Gn GN Gn GE OUD GE SR RD 6G GRD «GD CR GN GRD CE 6G 
qauz> GD aD quae Gun wD CGiiep Glew ene «aa Gu a? «mp amp auep amp «ap GuaD alum Gib emp 
quam Gine GQemp Gun» GHED anu Whip «ue eae «au~p cane GueD> Gap Gam» ake> ame Gia Gap amp «GEXED Geum “aa 


roe Gar ; a 


aver 
7285113 


| begs teee count ——~—————» |] inhibit 
reset preset 


Fig. 9 Timing diagram. 
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4-bit synchronous binary counter with asynchronous reset | HEF 40161B 
MSI 


APPLICATION INFORMATION 
An example of an application for the HEF40161B is: 


@ Programmable binary counter. 
clock 


HEF40161B 


HEF40161B , 
NOTE 


HEF40161B | On the TC outputs, glitches can occur 
during counting. In totally synchronous 
mode they will not have any adverse affect. 
However the TC output in asynchronous 
mode can cause problems. 


| i: HEF40161B 


Fig. 10 Synchronous multi-stage 
counting scheme. 


7285119 
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HEF 40162B 
Ms! 


4-BIT SYNCHRONOUS DECADE COUNTER 
WITH SYNCHRONOUS RESET 


-~ 
a 


The HEF40162B is a fully synchronous edge-triggered 4-bit decade counter with a clock input (CP), 
four synchronous parallel data inputs (Pg to P3), four synchronous mode control inputs (parallel 
enable (PE), count enable parallel (CEP), count enable trickle (CET) and synchronous reset (SR)), 
buffered outputs from all four bit positions (Og to 03) and a terminal count output (TC). 


Operation is synchronous and occurs on the LOW to HIGH transition of CP. When PE is LOW, the 
next LOW to HIGH transition of CP loads data into the counter from Pg to P3. When PE is HIGH, the 
next LOW to HIGH transition of CP advances the counter to its next state only if both CEP and CET 
are HIGH; otherwise no change occurs in the state of the counter. TC is HIGH when the state of the 
counter is 9 (Og = 03 = HIGH, 041 = O29 = LOW) and when CET is HIGH. A LOW on SR sets all out- 
puts (Og to 03 and TC) LOW on the next LOW to HIGH transition of CP, independent of the state of 
all other synchronous mode control inputs (CEP, CET and PE). Multistage synchronous counting is 
possible without additional components by using a carry look-ahead counting technique; in this case, 
TC is used to enable successive cascaded stages. CEP, CET, PE and SR must be stable only during the 
set-up time before the LOW to HIGH transition of CP. 


| OL _ 


14 7Z75110.2 


Fig. 1 Functional! diagram. 


FAMILY DATA | 
see Family Specifications 
IDp LIMITS category MSI | 
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4-bit synchronous decade counter with synchronous reset HEF40162B 


MSI 
PINNING 
a PE paralle! enable input 
Vpp T© Og 0, O09 O3 CET PE | Po toP3 parallel data inputs 
CEP count enable parallel input 
HEF 40162B Cea count enable trickle input 
CP clock input (LOW to HIGH, 
edge-triggered) 
SR synchronous reset input (active 
LOW) 
Feet Og to O3__sparaiiel outputs 
ae: terminal count output 
Fig. 3 Pinning diagram. 
HEF40162BP : 16-lead DIL; plastic (SOT-38Z). 
HEF40162BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF40162BT : 16-lead mini-pack; plastic 
(SO-16; SOT-109A). 
SYNCHRONOUS MODE SELECTION TERMINAL COUNT GENERATION 


preset 


no change 
no change 
count 
reset 


TC = CET: 09:04-09:03 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 


EPC EP Crt 


Fig. 4 State diagram. 
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HEF 40162B 
Ms! 


A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 OC; input transition times < 20 ns 


where 

fj = input freq. (MHz) 

fo = output freq. (MHz) 

Dynamic power 1200 f; + Z(foCL) x Vpp’ C, = load capacitance (pF) | 
dissipation per 5 600 fj + L(foCL) x Vpp? X(foC_) = sum of outputs 
package (P) 16 000 fj + Z(foC_) x Vpp* Vpp = supply voltage (V) 


typical formula for P (uW) 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


typical extrapolation 


VDD 
V formula 


symbol | min. typ. max. 


Propagation delays 


CP —» 0, 5 110 220° ns 83 ns + (0,55 ns/pF) Cy 
HIGH to LOW | 10 | tpyy 45 90 ns 34 ns + (0,23 ns/pF) Cy. 
15 30 60 ns 22 ns + (0,16 ns/pF) Cy 

5 115 230° ns 88 ns + (0,55 ns/pF) Cy 

LOW to HIGH 10 | tery 45 95 ns 34 ns + (0,23 ns/pF) Cy 


15 35 65 ns 27 ns + (0,16 ns/pF) Cy 
5 130 260° ons 103 ns + (0,55 ns/pF) Cy 


CP —e® TC 


HIGH to LOW | 10 | tpyy) 55 105 ns 44 ns + (0,23 ns/pF) Cy 
15 35 75 sons 27 ns + (0,16 ns/pF) Cy 

5 140 280 ons 113 ns + (0,55 ns/pF) Cy. 

LOW to HIGH 10 | tppy 55 115 ons 44 ns + (0,23 ns/pF) Cy 


15 40 80 ns 32 ns + (0,16 ns/pF) Cy. 


CEP TC 5 105 210° ns 78 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy 50 100° ons 39 ns + (0,23 ns/pF) Cy. 
15 35 75  ~~ons 27 ns + (0,16 ns/pF) Cy 

5 90 185 ons 63 ns + (0,55 ns/pF) Cy 

LOW to HIGH tPLH 35 70 ns 24 ns + (0,23 ns/pF) Cy. 
25 50 ~=ons 17 ns + (0,16 ns/pF) Cy 


Output transition 


times 60 120 ns 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW tTHL 30 60 ns 9 ns + (0,42 ns/pF) Cy. 
20 40 ns 6 ns + (0,28 ns/pF) Cy 

60 120 ons 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH tTLH 30 60 ns 9 ns + (0,42 ns/pF) Cy 


20 6 ns + (0,28 ns/pF) Cy 
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4-bit synchronous decade counter with synchronous reset | HEF 40162B 
MSI 


A.C. CHARACTERISTICS 
Vos = OV; Tamb = 25 °C; Cy, = 50 pF; input transition times < 20 ns 


Minimum clock 
pulse width; LOW 10 


15 
Set-up times 5 
Ph —»CP 10 
15 
_ 5 
PE —+» CP 10 
15 
5 
CEP, CET —*» CP 10 
15 
oR cp Ae a see also waveforms 
= #3 su ae * Figs 5, 6, 7 and 8 
Hold times ‘5 20 —35 ns 
P, —-» CP 10 thold 10 —10 ns 
15 5 —10 ns 
5 15 —45 ns 
PE —» CP 10 | thold 5 —15 ns 
15 5 —10 ns 
5 25 —105 ns 
CEP, CET —»CP 10 thold 15 —35 ns 
15 10 —25 ns 
7 5 15 ~—10 ns 
SR —» CP 10 thold 5 —5 ns 
15 5 0 ns 
Maximum clock 5 2,5 5 MHz 
pulse frequency 10 | fmax 7 14 MHz 
15 9 18 MHz 
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«HEF 401628 


MSI — 
CP INPUT 
SR INPUT 
Conditions 
PE = LOW 
| Pg to P3 = HIGH 
Oo OUTPUT 


7275095.1 


Fig. 5 Waveforms showing set-up times and hold times for SR input and minimum CP pulse width. 


—— —- toy —— “a toy 


CP INPUT 


\ thold—~| = 


O,, OUTPUT 


Fig. 6 Waveforms showing set-up times and hold times for CEP and CET inputs. beteesss 


Condition: PE = SR = HIGH. 
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4-bit synchronous decade counter with synchronous reset HEF40162B 


MSI 
CP INPUT 
= thold > 
WW 
P, INPUT ; , 
n 50% \\ 
44 NN 

Conditions 

O, OUTPUT PE = LOW 
| SR = HIGH 

Fig. 7 Waveforms showing set-up times and hold times for P,, inputs. 
CP INPUT 
PE INPUT | 

Condition 

SR = HIGH 
O, OUTPUT 

7Z75094.1 

Fig. 8 Waveforms showing set-up times and hold times for PE input. 
Note 
Set-up and hold times are shown as positive values but may be specified as negative values. 
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HEF 40162B 
Msi 


SR | | (synchronous) | 


7 a: a: ee ee 


| -aaeeon COUNT See |e HID ee 
reset preset 7285117 


Fig. 9 Timing diagram. 
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4-bit synchronous decade counter with synchronous reset HEF40162B 
MSI 


APPLICATION INFORMATION 
An example of an application for the HEF40162B is: 


@ Programmable decade counter. 
clock 


cep PE Po P1 Pa P3 


HEF40162B TC 


Og 01 09 O38 


e 
= HEF40162B 
O 

@ 


| HEF40162B 


_- NOTE 
HEF40162B On the TC outputs, glitches can occur 
| during counting. In totally synchronous 
mode they will not have any adverse 


affect. However the TC output in 
asynchronous mode can cause problems. 


Poe! 
HEF40162B 


Fig. 10 Synchronous multi-stage 
counting scheme. 
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HEF 40163B 
MSI 


4-BIT SYNCHRONOUS BINARY COUNTER -_~ 
WITH SYNCHRONOUS RESET eS 


The HEF40163B is a fully synchronous edge-triggered 4-bit binary counter with a clock input (CP), 
four synchronous parallel data inputs (Pg to P3), four synchronous mode control inputs (parallel 
enable (PE), count enable parallel (CEP), count enable trickle (CET) and synchronous reset (SR)), 
buffered outputs from all four bit positions (Og to O3) and a terminal count output (TC). 


Operation is fully synchronous and occurs on the LOW to HIGH transition of CP. When PE is LOW, 
the next LOW to HIGH transition of CP loads data into the counter from Po to P3. When PE is HIGH, 
the next LOW to HIGH transition of CP advances the counter to its next state only if both CEP and 
CET are HIGH; otherwise no change occurs in the state of the counter. TC is HIGH when the state of 
the counter is 15 (Og to O03 = HIGH) and when CET is HIGH. A LOW on SR sets all outputs (Og to 
O3 and TC) LOW on the next LOW to HIGH transition of CP, independent of the state of all other 
synchronous mode control inputs (CEP, CET and PE). Multistage synchronous counting is possible 
without additional components by using a carry look-ahead counting technique; in this case, TC is 
used to enable successive cascaded stages. CEP, CET, PE and SR must be stable only during the set-up 
time before the LOW to HIGH transition of CP. 


3 


7285116 


Fig. 1 Functional diagram. 


FAMILY DATA 
see Family Specifications 
Ipp LIMITS category MSI 


@ Products approved to CECC 90 104-096. | October 1980 761 


HEF40163B 
MSI 


Fig. 2 Logic diagram. 


4-bit synchronous binary counter with synchronous reset HEF 40163B 


MSI 
PINNING 
PE parallel enable input 
Po toP3 parallel data inputs 
CEP count enable parallel input 
CET count enable trickle input 
CP clock input (LOW to HIGH, 
__ edge-triggered) 
SR synchronous reset input (active 
LOW) 
Veuaere Op to 03 _~_sparaiiel outputs 
a TC terminal count output 
Fig. 3 Pinning diagram. 
HEF40163BP : 16-lead DIL; plastic (SOT-38Z). 
HEF40163BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF40163BT : 16-lead mini-pack; plastic 
(SO-16; SOT-109A). 
SYNCHRONOUS MODE SELECTION TERMINAL COUNT GENERATION 


preset 
no change 


no change 
count 
reset 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 


-{ 0 J—{ > |=] Fig. 4 State diagram. 
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A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 ©C; input transition times < 20 ns 


where 

fj = input freq. (MHz) 
fo = output freq. (MHz) 
C,_ = load capacitance (pF) 
2(fgC,_) = sum of outputs 
V pp = supply voltage (V) 


' typical formula for P (uW) 


Dynamic power 
dissipation per 
package (P) 


1 200 f; + Z(foCi) x VoD’ 
5 600 f; + U(foCy) x VoD? 
16000 f; + X(foCy) x Vpp’ 


A.C. CHARACTERISTICS 
Vos = OV; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


Propagation delays 


CP —»> On s, 83 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 34 ns + (0,23 ns/pF) Cy 
15 22 ns + (0,16 ns/pF) Cy 
5 88 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpey 45 95 ns 34 ns + (0,23 ns/pF) Cy 
15 35 65 ns 27 ns + (0,16 ns/pF) Cy. 
CP —» TC 5 130 260 ns 103 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy 55 105 ons 44 ns + (0,23 ns/pF) Cy. 
15 30 75 ons 27 ns + (0,16 ns/pF) Cy 
| 5 140 280 ns 113 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tppy 55 115 ns 44 ns + (0,23 ns/pF) Cy 
15 40 80 sons 32 ns + (0,16 ns/pF) Cy. 
CET —e TC 5 105 210 ns 78 ns + (0,55 ns/pF) Cy. 
HIGH to LOW 10 | tppyy 50 100 ns 39 ns + (0,23 ns/pF) Cy 
15 35 75 ons — 27 ns + (0,16 ns/pF) Cy 
5 90 185 ns 63 ns + (0,55 ns/pF) Cy. 
LOW to HIGH 10 | tery 35 70 sons 24 ns + (0,23 ns/pF) Cy. 
sits) 25 50 ons 17 ns + (0,16 ns/pF) Cy 
Output transition _ | 
times 5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy 
5 60 120 ons 10 ns + (1,0 ns/pF) Cy | 
LOW to HIGH 10° 1. tr ew 30 60 ns 9 ns + (0,42 ns/pF) Cy. 


20 40 ns 6 ns + (0,28 ns/pF) Cy 
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4-bit synchronous binary counter with synchronous reset HEF 40163B 


MSI 
A.C. CHARACTERISTICS 
Vss = OV; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 
min. typ. max. 
Minimum clock 100 50 ns 
pulse width, LOW 10 tWCPL 40 20 ns 
15 30 15 ns 
Set-up times 5 110 55 ns 
15 30 15 ns 
5 120 60 ns 
PE —®» CP 10 toy 40 20 ns 
15 25 10 ns 
5 260 130 ns 
CEP, CET —» CP 10 toy 100 50 ns 
15 70 35 ns 
5 50 25 ns 
SR —® CP 10 | toy 20 10 ns 
15 15 10 ns see also waveforms 
Hold times 5 20 —35 ns Figs 5, 6, 7 and 8 
Ph —® CP 10 | thold 10 —10 ns 
15 5H —10 ns 
5 15 —45 ns 
PE —» CP 10 thold 5 —15 ns 
15 5 —10 ns 
5 25 -—-105 ns 
CEP, CET —-» CP 10 thold - 15 —35 ns 
15 10 —25 ns 
= 5 15 —10 ns 
SR —* CP 10 | thold 5 =O ns 
15 5 0 ns 
Maximum clock 5 2,5 5 MHz 
pulse frequency 10 | fax 7 14 MHz 
9 18 MHz 
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4-bit synchronous binary counter with synchronous reset HEF 40163B 
MS! 


CP INPUT 
+! \=thold |! i<—thold 
4 N p 
7 \\\ N Y 
PIN 
n INPUT oa \\ 
Y 
Conditions 
O,, OUTPUT PE = LOW 
SR= HIGH 
7275096.1 
Fig. 7 Waveforms showing set-up times and hold times for P, inputs. 
— <—4— toy > ~<a toy 
CP INPUT 
= thold 
\ 
\ 
PE INPUT 
Condition 
SR = HIGH 
O, OUTPUT 
7Z275094.1 


Fig. 8 Waveforms showing set-up times and hold times for PE input. 


Note 


Set-up and hold times are shown as positive values but may be specified as negative values. 
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SR | (synchronous) | 


12 13 14 = «15 0 1 2 


Pemeeeer yy | ———_ inhibit ——— 


reset preset 7285118 


Fig. 9 Timing diagram. 
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4-bit synchronous binary counter with synchronous reset HEF 40163B 
MSI 


APPLICATION INFORMATION 
An example of an application for the HEF40163B is: 


@ Programmable binary counter. 
clock 


cep PE Po. Fy, Pa Fs 


HEF40163B TC 


Og 0; 0» 03 


| L— HEF40163B 
OO 
e NOTE 


On the TC outputs, glitches can occur 


| during counting. In totally synchronous 
HE AONO SD mode they will not have any adverse. 
® affect. However the TC output in 
asynchronous mode can cause problems. 
@ 


hoes HEF40163B 
0 Fig. 10 Synchronous multi-stage 
counting scheme. 


7285121 
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HEX D-TYPE FLIP-FLOP as 


The HEF40174B is a hex edge-triggered D-type flip-flop with six data inputs (Dg to Ds), a clock input 
(CP), an overriding asynchronous master reset input (MR), and six buffered outputs (Og to O5). 
Information on Dg to Dg is transferred to Og to Os on the LOW to HIGH transition of CP if MR is 
HIGH. When LOW, MR resets all flip-flops (Og to Og = LOW) independent of CP and Dg to Ds. 


Fig. 1 Functional diagram. 


PINNING 

Do to Ds data inputs 

CP clock input (LOW to HIGH; edge-triggered) 
MR master reset input (active LOW) 


OgtoOs buffered outputs 


7273705 


Fig. 2 Pinning diagram. FUNCTION TABLE 


HEF40174BP: 16-lead DIL; plastic 
(SOT-38Z). 

HEF40174BD: 16-lead DIL: ceramic 
(cerdip) (SOT-74). 

HEF40174BT : 16-lead mini-pack; plastic 
(SO-16; SOT-109A). 


a oo 
R 


| MR | 
H 
H 
H no cana 


a 
se 
oe 
xX 


L 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
| see Family X = state is immaterial 
| Specifications  _/ = positive-going transition 
“\_ = negative-going transition 


FAMILY DATA 


Ipp LIMITS category MSI 
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Hex D-type flip-flop | HEF40174B 
| MSI 
ene ee 


A.C. CHARACTERISTICS 
Vss = OV; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


typical extrapolation 
formula 


symbol | min. typ. max. 


Propagation delays 


6 ns + (0,28 ns/pF) Cy 


Set-up time 


CP ee OF 75 155 ns 48 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy 30 65 ns 19 ns + (0,23 ns/pF) Cy 
15 20 45 ns 12 ns + (0,16 ns/pF) Cy 
5 75 155 ns 48 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpry 30 65 ns 19 ns + (0,23 ns/pF) Cy. 
15 20 45 ns 12 ns + (0,16 ns/pF) Cy 
MR —» O, 5 85 175 ns 58 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy 35 70 ns 24 ns + (0,23 ns/pF) Cy 
15 25 50 ns 17 ns + (0,16 ns/pF) Cy 
Output transition 

times 5 60 120 ns 1O0ns+ (1,0 ns/pF) Cy 
HIGH to LOW 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy 
5 60 120 ns 10ns+ (1,0 ns/pF) Cy 
LOW to HIGH | 10 | tTLH 30 60 ns 9 ns + (0,42 ns/pF) Cy 

| 


Hold time 
Dy —* CP 


Minimum clock 
pulse width; LOW | 10 


Fig. 4 


Minimum MR pulse 
width; LOW 


see also waveforms 
| 
| 


Recovery time 
for MR 


Maximum clock 
pulse frequency 


where 

f; = input freq. (MHz) 

fo = output freq. (MHz) 

C,. = load capacitance (pF) 

U(f4C,_) = sum of cutputs 
Vpp = supply voltage (V) 


typical formula for P (uW) 


Dynamic power 3500 fj + Z(f—9CL) x Vpp? 
dissipation per 16 000 fj + Z(foC,) x Vpn? 
package (P) 42 000 fj + Z(foCy) x Vpp? 
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CP INPUT 50 %7/o +50 %o 50°%o 
+ tsy &'<thoia> 'e— tweet 
ZY wy 
' - bm ///// 
YA, Vb 
> <«tprur 


= 


R INPUT 


7273793. 


Fig. 4 Waveforms showing minimum pulse widths for CP and MR, MR to CP recovery time, and set-up 
time and hold time for D, to CP. Set-up and hold times are shown as positive values but may be 
specified as negative values. 


APPLICATION INFORMATION 

Some examples of applications for the HEF40174B are: 
® Shift registers 

@ Buffer/storage register 


@ Pattern generator 
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QUADRUPLE D-TYPE FLIP-FLOP Se 


The HEF40175B is a quadruple edge-triggered D-type flip-flop with four data inputs (Dg to D3), a 
clock input (CP), an overriding asynchronous master reset input (MR), four buffered outputs (Og to 
03), and four complementary buffered outputs (Og to 03). Information on Dg to D3 is transferred to 
Oo to 03 on the LOW to HIGH transition of CP if MR is HIGH. When LOW, MR resets all flip-flops 
(Og to 03 = LOW, Oo to 03 = HIGH), independent of CP and Dg to D3. 


Fig. 1 Functional diagram. 


PINNING 

Do to D3 ~~ data inputs 

cP clock input (LOW to HIGH; edge-triggered) 
MR master reset input (active LOW) 


Og toQ3 _~~buffered outputs 


Se ere Op toO03 complementary buffered outputs 


Fig. 2 Pinning diagram. 
FUNCTION TABLE 


pe jer t 2 |e 


H 

H : H . 

H no change}no change 
L L H 


HEF40175BP: 16-lead DIL; plastic 
(SOT-382Z). 

HEF40175BD: 16-lead DIL; ceramic 
(cerdip) (SOT-74). 

HEF40175BT: 16-lead mini-pack; plastic 
(SO-16; SOT-109A). 


H = HIGH state (the more positive voltage) 
FAMILY DATA . L = LOW state (the less positive voltage) 
| see Family X = state is immaterial 
lbp LIMITS category MSI | Specifications J = positive-going transition 
DD ‘\. = negative-going transition 
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Quadruple D-type flip-flop HEF 40175B 


MSI 
A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy. = 50 pF; input transition times < 20 ns 
Vpp ; typical extrapolation 
V min. typ. max. Foruls 
Propagation delays 
CP —®* O,, On 5 80 =160 ns 53 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10) | tpyy. 35 70 ns 24 ns + (0,23 ns/pF) Cy 
15 25 50 ns 17 ns + (0,16 ns/pF) Cy. 
5 70 =140 ns 43 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpry 30 65 ns 19 ns + (0,23 ns/pF) Cy 
15 25 45 ns 17 ns + (0,16 ns/pF) Cy 
MR—* O, 5 75 155 ns 48 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpy. 30 65 ns 19 ns + (0,23 ns/pF) Cy. 
15 25 50 ns 17 ns + (0,16 ns/pF) Cy 
MR—+»O, 5 70 140 ns 43 ns + (0,55 ns/pF) Cy. 
LOW to HIGH 10 | tpey 30 65 ns 19 ns + (0,23 ns/pF) Cy 
15 25 50 ns 17 ns + (0,16 ns/pF) Cy 
Output transition 

times 5 60 120 ns 10ns+ (1,0 ns/pF) Cy 
HIGH to LOW | 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy 
5 60 120 ns 10ns+ (1,0 ns/pF) Cy. 
LOW to HIGH | 10 | tTLH 30 60 ns 9 ns + (0,42 ns/pF) Cy 


6 ns + (0,28 ns/pF) Cy 


Set-up time 
Dy, —> CP 


Hold time 
Dy — > CP 


Minimum clock 


pulse width; LOW see also waveforms 


| Fig. 4 
Minimum MR pulse 


width; LOW 


Recovery time 
for MR 


Maximum clock 
pulse frequency 
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A.C. CHARACTERISTICS | 
Vss = 0 V; Tamb = 25 ©C; input transition times < 20 ns 


¥ DD typical formula for P (uW) 


where 
fj = input freq. (MHz) 
| fo = output freq. (MHz) 


Dynamic power 5 2000 f, + Z(foCL) x Vpp? C,_ = load capacitance (pF) 
dissipation per 10 8400 fj + Z(foCL) x Vpp” 2(f Cy) = sum of outputs 
package (P) 15 | 22500 fj + L(f—oCL) x Vpn’ Vpp = supply voltage (V) 

CP. INPUT 50 °%o 


Uy 


«tc el thoig > 


= 


R INPUT 


727381411 


Fig. 4 Waveforms showing minimum pulse widths for CP and MR, MR to CP recovery time, and set-up 
time and hold time for D,, to CP. Set-up and hold times are shown as positive values but may be 
specified as negative values. 


APPLICATION INFORMATION 

Some examples of applications for the HEF40175B are: 
@ Shift registers 

@ Buffer/storage register 


@ Pattern generator 
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4-BIT UP/DOWN DECADE COUNTER  — 


The HEF 401928 is a 4-bit synchronous up/down decade counter. The counter has a count-up clock 
input (CPyy), a count-down clock input (CPp), an asynchronous parallel load input (PL), four parallel 
data inputs (Pg to P3), an asynchronous master reset input (MR), four counter outputs (Oo to 03), an 
active LOW terminal count-up (carry) output (TCy) and an active LOW terminal count-down (borrow) 
output (TCp). 


The counter outputs change state on the LOW to HIGH transition of either clock input. However, for 
correct counting, both clock inputs cannot be LOW simultaneously. The outputs TCy and TCp are 
normally HIGH. When the circuit has reached the maximum count state of ‘9’, the next HIGH to LOW 
transition of CPy will cause TCy to go LOW. TCy will stay LOW until CPy goes HIGH again. Likewise, 
output TCp will go LOW when the circuit is in the zero state and CPp goes LOW. When PL is LOW, 

the information on Pg to P3 is asynchronously loaded into the counter. A HIGH on MR resets the 
counter independent of all other input conditions. The counter stages are of a static toggle type flip-flop. 


15 {1 10 


pana 


we LOAD 
we 


Caisa 


72695224 


UP/DOWN 
COUNTER 


Fig. 2 Pitnning diagram. 


HEF40192BP : 16-lead DIL; plastic (SOT-38Z). 
HEF40192BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF40192BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


7269546.3 


Fig. 1 Functional diagram. 


PINNING 

PL parallel load input (active LOW) 

PgtoP3 parallel data inputs 

CPy count-up clock pulse input (LOW to HIGH, edge-triggered) 
CPp count-down clock pulse input (LOW to HIGH, edge-triggered) 
MR master reset input (asynchronous) 

TCy buffered terminal count-up (carry) output (active LOW) 

TCp buffered terminal count-down (borrow) output (active LOW) 


Og toO3 buffered counter outputs 


FAMILY DATA 
see Family Specifications 


IpDp LIMITS category MSI 


= Products approved to CECC 90 104-099. May 1983 
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Fig. 3 Logic diagram (continued on ne 
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Fig. 3 Logic diagram (continued). 
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FUNCTION TABLE 


reset (asyn.) H = HIGH state (the more positive voltage) 
parallel load L = LOW state (the less positive voltage) 
count-up X = state is immaterial 

count-down / = positive-going transition 


Logic equations for terminal count: 


TCy = 0g: 03°CPy 


nn 
aw ne 


TCp = 09-07 -09-03°CPp 


count up -~-—-—— count down 7269575 
Fig. 4 State diagram. 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; input transition times < 20 ns 


where | 
f; = input freq. (MHz) 
fy = output freq. (MHz) 
C,_ = load capacitance (pF) 
2X(foC;_) = sum of outputs 
Vpp = supply voltage (V 


typical formula for P (uW) 


550 fj + Z(foCL) x Vpp* 
2400 fj + L(foCL) x Vpp’ 
6500 fj + 2(foCL) x Vpp’ 


Dynamic power 
dissipation per 10 
package (P) 15 
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4-bit up/down decade counter HEF 40192B 
MSI 


A.C. CHARACTERISTICS 


Vss = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 


Vpp ; typical extrapolation 


Propagation delays 


CPy —* On 5 210 415 ns | 183 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10) | tpHy 85 165 ns | 74ns+ (0,23 ns/pF) Cy 
15 60 120 ns 52 ns + (0,16 ns/pF) Cy 

5 170 340 ns; 143 ns + (0,55 ns/pF) Cy 

LOW to HIGH 10 | tpry 70 140 ns} 59ns+ (0,23 ns/pF) Cy 
16 50 100 ns; 42ns+ (0,16 ns/pF) Cy 

CPp —* On 5 210 420 ns | 183 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy 85 170 ns! 74ns+ (0,23 ns/pF) Cy 
15 65 125 ons 57 ns + (0,16 ns/pF) Cy 

5 170 340 ns} 143 ns + (0,55 ns/pF) Cy 

LOW to HIGH 10 | tpry 70 140 ns! 59ns+ (0,23 ns/pF) Cy, 
15 50 100 ns} 42ns+ (0,16 ns/pF) Cy 

CcPy —* TCy 5 125 250 ns} 98ns+ (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpHy 50 100 ns} 39ns+ (0,23 ns/pF) Cy 
15 35 70 ons} 27 ns+ (0,16 ns/pF) Cy 

5 95 185 ns} 68ns + (0,55 ns/pF) Cy. 

LOW to HIGH 10 | tply 40 80 ns | 29ns+ (0,23 ns/pF) Cy 
15 30 60 ns 22 ns + (0,16 ns/pF) Cy 

CPp —* TCp 5 140 280 ns/} 113 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpHy 55 110 ns: 44ns+ (0,23 ns/pF) Cy. 
15 40 80 ns} 32ns+ (0,16 ns/pF) Cy. 

5 100 195 ns 73 ns + (0,55 ns/pF) Cy 

LOW to HIGH 10 | tpry 40 85 ns | 29ns+ (0,23 ns/pF) Cy 
15 30 65 ns | 22ns+ (0,16 ns/pF) Cy 

MR —* On 5 195 390 ns | 168 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy 80 160 ns; 69ns + (0,23 ns/pF) Cy 
15 60 120 ns} 52ns+ (0,16 ns/pF) Cy 

MR —®TCy 5 145 285 ns | 118ns+ (0,55 ns/pF) Cy. 
LOW to HIGH 10 | tpey 60 115 ns} 49ns+ (0,23 ns/pF) Cy 
15 45 90 ns} 37ns+ (0,16 ns/pF) Cy 

MR —*TCp 5 365 730 ns | 338ns+ (0,55 ns/pF) Cy 
HIGH to LOW | 10 | tpyy 130 265 ns | 119ns+ (0,23 ns/pF) CL 
15 100 205 ns 92 ns + (0,16 ns/pF) Cy 

PL —*Ony 5 185 360 ns | 158 ns+ (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy 75 150 ns | 64ns+ (0,23 ns/pF) CL 
15 55 110 ns} 47ns+ (0,16 ns/pF) Cy 

5 145 290 ons! 118ns + (0,55 ns/pF) Cy 

LOW to HIGH 10 | tpry 60 120 ns | 49ns+ (0,23 ns/pF) CL 
15 37 ns + (0,16 ns/pF) Cy. 
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A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


symbol | min. typ. max. 


typical extrapolation 
formula 


Output transition 


times 60 120 ns 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW tTHL 30 60 os 9ns + (0,42 ns/pF) Cy 
20 40 ns 6 ns + (0,28 ns/pF) Cy 
60 120 ns 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH tTLH 30 60 ns 9 ns + (0,42 ns/pF) Cy 
20 40 ns 6 ns + (0,28 ns/pF) Cy 
Set-up time 160 80 ns 
Pho —® PL 60 30 ns 
50 25 ns 
Hold time ' 10  —70 ns 
Ph —® PL ! thold 5 —25 ns 
| | 7 5 ns 
Minimum CPy or CPp ns 
pulse width; LOW ns 
ns 
Minimum MR ns 
pulse width; HIGH ns 
ns | see also waveforms 
Minimum PL ns Fig. 5 


pulse width; LOW 


Recovery time 
for MR 


Recovery time 
for PL 


Maximum clock 
pulse frequency 
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CPy or CP5 
INPUT 


L INPUT 50%. 50% 


y 


~~ ty thold > 


MR INPUT 


726971711 


Fig. 5 Waveforms showing recovery times for PL and MR, minimum pulse widths for CPy, CPp, PL 
and MR, and set-up and hold times for P to PL. Set-up times and hold times are shown as positive 
values but may be specified as negative values. 


| October 1980 785 


HEF 40192B 


786 


MSI 


| | | | | 


O, 
I) 
Oo 
Se 
03 
e — pot 
a 


TCp 
COUNT, 0 7 8! 9:io! 1 2 1 0O'9!g1 7 
7284173 


Fig. 6 Timing diagram. 


APPLICATION INFORMATION 
Some examples of applications for the HEF40192B are: 


@ Up/down difference counting 
@ Multistage ripple counting 
@ Multistage sunchronous counting. 


| Py Py Po P ee 
Bee pe Ok ee CARRY 
iock HEF40192B HEF 40192B ene es 
ae BORROW 


Og 0; Op 03 MR PL Og 01 Op 03 MR PL 


PL 7Z84171 


Fig. 7 Example of cascaded HEF40192B ICs. 
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4-BIT UP/DOWN BINARY COUNTER a 


The HEF40193B is a 4-bit synchronous up/down binary counter. The counter has a count-up clock 
input (CP), a count-down clock input (CPp), an asynchronous parallel load input (PL), four parallel 
data inputs (Pg to P3), an asynchronous master reset input (MR), four counter outputs (Og to 93), an 
active LOW terminal count-up (carry) output (TCy) and an active LOW terminal count-down (borrow) 
output (TCp). 


The counter outputs change state on the LOW to HIGH transition of either clock input. However, for 
correct counting, both clock inputs cannot be LOW simultaneously. The outputs TCy and TCp are 
normally HIGH. When the circuit has reached the maximum count state of ‘15’, the next HIGH to LOW 
transition of CPy will cause TC to go LOW. TCy will stay LOW until CP,y goes HIGH again. Likewise, 
output TCp will go LOW when the circuit is in the zero state and CPp goes LOW. When PL is LOW, the 
information on Pg to P3 is asynchronously loaded into the counter. A HIGH on MR resets the counter 
independent of all other input conditions. The counter stages are of a static toggle type flip-flop. 


PL oe L LOAD 
ee 


UP/DOWN 
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Fig. 2 Pinning diagram. 


HEF40193BP : 16-lead DIL; plastic (SOT-38Z). 
HEF40193BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF40193BT : 16-lead mini-pack; plastic 

(SQ-16; SOT-109A). 


7269546.3 
Fig. 1 Functional diagram. 

PINNING 

PL parallel load input (active LOW) 

Pg to P2 parallel data inputs 

CPy count-up clock pulse input (LOW to HIGH, edge-triggered) 

CPh count-dewn clock pulse input (LOW to HIGH, edge-triggered) 

MR master reset input (asynchronous) 

TCy buffered terminal count-up (carry) output (active LOW) 

TCp buffered terminal count-down (borrow) output (active LOW) 


Og toO3 _~~buffered counter outputs 


FAMILY DATA 
| see Family Specifications 


Ipp LIMITS category MSI | 


w= Products approved to CECC 90 104-100. | May 1983 
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Fig. 3 Logic diagram (continued on next page). 
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Fig. 3. Logic diagram (continued). 
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FUNCTION TABLE 


reset (asyn.) H = HIGH state (the more positive voltage) 
parallel load L = LOW state (the less positive voltage) 
count-up X = state is immaterial 

count-down J = positive-going transition 


Logic equations for terminal count: 
TCy = 09: 04° 02: 03° CPy 


TCp = 09: 01-02: 03: CPp 


count up —---— count down 7269576 


Fig. 4 State diagram. 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; input transition times < 20 ns 


where 
f; = input freq. (MHz) 
fo = output freq. (MHz) 


typical formula for P (uW) 


600 fj + Z(foCL) x VoD’ C,_ = load capacitance (pF) 
2700 fj + Z(fgC_) x Vpp? —X(fgC) = sum of outputs 
7500 fj + D(fgC_) x Vpp? Vpp = supply voltage (V) 


Dynamic power 
dissipation per 
package (P) 
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4-bit up/down binary counter HEF 40193B 
MsI 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


Vop | eyibol va. < ee typical extrapolation 
V formula 
Propagation delays | 

CPig =A 5 210 415 ns 183 ns + (0,55 ns/pF) Cy 

HIGH to LOW 10 | toy 85 165 ns 74 ns + (0,23 ns/pF) Cy 

15 60 120 ns 52 ns + (0,16 ns/pF) Cy. 

5 | 170 340 ns 143 ns + (0,55 ns/pF) Cy 

LOW to HIGH 10 | tery 70 ~=140 ns 59 ns + (0,23 ns/pF) Cy 

| 15 50 100 ns 42 ns + (0,16 ns/pF) Cy. 

CPp: 0, | 5 210 425 ns 183 ns + (0,55 ns/pF) Cy 

HIGHto LOW —-'110:_-||: toy 85 170 ns 74 ns + (0,23 ns/pF) Cy 

— 15 | 60 125 ns 57 ns + (0,16 ns/pF) Cy 

5 | 170 340 ns | 143ns+ (0,55 ns/pF) Cy 

LOW to HIGH 10 | tpry 70 140 ns 59 ns + (0,23 ns/pF) Cy 

15 | 50 100 ns 42 ns + (0,16 ns/pF) Cy 

CPy —* TCy 5 125 250 ns 98 ns + (0,55 ns/pF) Cy 

HIGH to LOW 10 | tpy, i 50 ~=100 ns 39 ns + (0,23 ns/pF) Cy 

1S 35 70 ns 27 ns + (0,16 ns/pF) Cy 

5 95 185 ns 68 ns + (0,55 ns/pF) Cy 

LOW to HIGH 10 | tpry 40 80 ns 29 ns + (0,23 ns/pF) Cy 

15 30 60 ns 22 ns + (0,16 ns/pF) Cy 

CPp —* TCp 5 140 280 ns 113 ns + (0,55 ns/pF) Cy. 
HIGH to LOW 10 | tpyy 44 ns + (0,23 ns/pF) Cy | 

| : 15 32 ns + (0,16 ns/pF) Cy 

| 5 73 ns + (0,55 ns/pF) Cy 

| LOW to HIGH 10 | tery 29 ns + (0,23 ns/pF) Cy 

15 22 ns + (0,16 ns/pF) Cy 

MR —* On 5 168 ns + (0,55 ns/pF) Cy 

HIGH to LOW 10 | tpyy 69 ns + (0,23 ns/pF) Cy. 

15 52 ns + (0,16 ns/pF) Cy 

MR —* TCy 5 118 ns + (0,55 ns/pF) Cy. 

LOW to HIGH 10 tPpLH 49 ns + (0,23 ns/pF) Cy 

15 37 ns + (0,16 ns/pF) Cy. 

MR —® TCp 5 338 ns + (0,55 ns/pF) Cy 

HIGH to LOW 10 | tpyy 119 ns + (0,23 ns/pF) Cy 

15 92 ns + (0,16 ns/pF) Cy 

PL —®O, 5 158 ns + (0,55 ns/pF) Cy 

HIGH to LOW 10 | tpyy. 64 ns + (0,23 ns/pF) Cy 

15 47 ns + (0,16 ns/pF) Cy 

5 118 ns + (0,55 ns/pF) Cy 

LOW to HIGH 10 | tpry 49 ns + (0,23 ns/pF) Cy 

7 15 37 ns + (0,16 ns/pF) Cy 
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A.C. CHARACTERISTICS 
Vss =O V; Tamb = 25 PC; Cy = 50 pF; input transition times < 20 ns 


VDD typical extrapolation 
- 


Output transition 


times 5 60 120 os 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 10 | tty 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 os 6 ns + (0,28 ns/pF) Cy 
5 60 120 ns 10 ns + (1,0 ns/pF) Cy. 
LOW to HIGH 10 | tThy 30 60 =os 9ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy 
oci-up time 5 160 80 ns 
Py —+> PL 10 | tey 60 30 ns 
15 50 25 ns 
Hold time 5 10  —70 ns 
Ph —~ PL 10 thold RK —25 ns 
15 5 —20 ns 
Minimum CPy or CPp 5 150 75 ns 
pulse width; LOW 10 | twePL 50 25 ns 
15 35 20 ns 
Minimum MR 5 180 90 ns 
pulse width; HIGH 10 | twwRH)| 70 35 ns 
| 15 60 30 ns see also waveforms 
Minimum PL 5 120 60 ns Fig. 5 
pulse width; LOW 10 | tweLL 45 20 


15 30 15 


Recovery time 125 65 
for MR 70 35 
50 25 

Recovery time 90 45 
for PL 35 15 
25 10 

Maximum clock 2,5 5 
pulse frequency 7 14 

9 18 
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4-bit up/down binary counter HEF 40193B 
MSI 


+ twcp_—> 


CPy or CPp 
INPUT 
—+— tweet |*_ trer~ 
PL INPUT 50% 50% 


<<. tsy —_—_+> |< — thoiqd > 


MR INPUT 


7Z269717.1 


Fig. 5 Waveforms showing recovery times for PL and MR, minimum pulse widths for CPy, CPp, PL 
and MR, and set-up and hold times for P to PL. Set-up times and hold times are shown as positive 
values but may be specified as negative values. 
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Fig. 6 Timing diagram. 


APPLICATION INFORMATION 
some examples of applications for the HEF40193B are: 


@ Up/down difference counting 
@ Multistage ripple counting 
@ Multistage synchronous counting 


CARRY 


u 
ras HEF40193B HEF 40193B esenline 
down — =! BORROW 
Oo O; O2 03 MR PL Oo O01 O05 03 MR PL 
MR 
PL 


7284172 


Fig. 7 Example of cascaded HEF40193B ICs. 
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HEF40194B 
MSI 


~ 
4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER Wie 


The HEF40194B is a 4-bit bidirectional shift register with two mode control inputs (Sg and $1), a 
clock input (CP), a serial data shift left input (Ds; ), a serial data shift right input (Dgp), four parallel 
data inputs (Pg to P3), an cverriding asynchronous master reset input (MR), and four buffered parallel 
outputs (Og to 03). When LOW, MR resets all stages and forces Og to 03 LOW, overriding all other 
input conditions. When MR is HIGH, the operation mode is controlled by Sg and Sj as shown in the 
function table. 


Serial and parallel operation are edge-triggered on the LOW to HIGH transition of CP. The inputs at 
which the data are to be entered and Sg, S; must be stable for a set-up time before the LOW to HIGH 
transition of CP. 


7Z74253 


Fig. 2 Pinning diagram. 


HEF40194BP : 16-lead DIL; plastic (SOT-38Z). 
HEF40194BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF40194BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


Fig. 1 Functional diagram. 


PINNING 
SQ, 94 mode control inputs 
Po toP3 parallel data inputs 


Dsp serial data shift right input 

Ds. serial data shift left input 

CP clock input (LOW to HIGH edge-triggered) 
MR master reset input (active LOW) 


Og to O03 «buffered parallel outputs 


FAMILY DATA | 
see Family Specifications 
Ipp LIMITS category MSI 
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4-bit bidirectional universal shift register HEF 40194B 
MSI : 


FUNCTION TABLE 


| 
| Operating mode 


inputs (MR = HIGH) outputs at ty + 4 


hold xX 
shift left : 
prereset . + 
shift right X 
parallel load 


H = HIGH state (the more positive voltage) 

| = LOW state (the less positive voltage) 

X = state is immaterial 

th + 1 = State after next LOW to HIGH transition of CP 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 °C; input transition times < 20 ns 


"BD typical formula for P (uW) sate freq. (MHz) 
AS Nee ane ga ey Se Eno, eA Cae eo) ea | fe eOUtOUE Treg. UMi2) 
Dynamic power 5 1500 f; + L(foC) x Vpp? C,_ = load cap. (pF) 
dissipation per 10 6 900 fj + Z(foCL) x Vpp’ 2(foC,_) = sum of outputs 
package (P) 15 18 900 fj + 2(foCL) x Vpp’ Vpp = supply voltage (V) 
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A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


| Vpop ; typical extrapolation | 


Output transition 


Propagation delays | 
CP —» On, 5 100 205 ns 73 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy 40 85 ns 29 ns + (0,23 ns/pF) Cy 
15 30 60 = ns 22 ns + (0,16 ns/pF) Cy 
| | 45 80 165 ns 53 ns + (0,55 ns/pF) Cy. 
LOW to HIGH 10 | tery 35 70 ns | 24ns+ (0,23 ns/pF) Cy 
15 25 55 ns 17 ns + (0,16 ns/pF) Cy 
MR —» O, 5 85 175 ns | 58ns+ (0,55 ns/pF) Cy 
HIGH to LOW 1 tpHL 40 80 = ns 29 ns + (0,23 ns/pF) Cy 
15 30 60° ns 22 ns + (0,16 ns/pF) Cy 


times 5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) Cy 
15 20 40° os 6 ns + (0,28 ns/pF) Cy 
5 60 120 ons 10 ns + (1,0 ns/pF) Cy 
LOW to HIGH 10 | tTLH 30 60 ns 9ns+ (0,42 ns/pF) Cy 
15: 20 40 ns 6 ns + (0,28 ns/pF) Cy 
Set-up times 5 80 840 | ns | 
| Ph, Dgp, Dgp —™ CP} 10 | toy 30 «15 ns 
15 20 10 ns 
5 140 70 ns 
Sy —» CP 10 | toy 60 30 ns 
| 15 40 20 ns 
| Hold times | 5 10 —30 ns 
Py, Dgp, Ds, —* CP | 10 thold 5 —10 ns 
| | 15 5H -—5 ns 
5 25 —45 ns 
Sp = CP 10 thold 15 —15 ns 
15 10 —10 Ns see also waveforms 
Minimum clock 5 50 25 ns Figs 4 and 5 
pulse width; LOW © 10 | twepL 20 10 


Minimum MR pulse 


width; LOW twvrRt| 40 20 
30 15 

Recovery time 30 10 
for MR tRMR 15 5 

. 15 5 

Maximum clock 6 12 


pulse frequency 


798 October 1980 


> 
c. 
~> 
[ox 
Par Osp: S 
Ds- ® 
om 
INPUTS c. 
= 
xy 
fon 
= 
= 
@ 
rd 
CP INPUT rn 
=. 
© 
a, 
”n 
© 
O,, OUTPUT 50% 
MR INPUT 


= TWMRL 7274255.2 


Fig. 4 Waveforms showing set-up times, hold times for Dcp, Ds; and Py, inputs; minimum MR pulse width, MR to output delays and MR to CP 
recovery time; minimum CP pulse width and CP to output delays. Set-up and hold times are shown as positive values but may be specified as 


negative values. 
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Fig. 5 Waveforms showing set-up times and hold times for Sg and Sq inputs. Set-up and hold times 
are shown as positive values but may be specified as negative values. 


APPLICATION INFORMATION 
Some examples of applications for the HEF40194B are: 


@ Arithmetic unit register 
@ Serial/parallel converter. 
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4-BIT UNIVERSAL SHIFT REGISTER 


The HEF40195B is a fully synchronous edge-triggered 4-bit shift register with a clock input (CP), four 
synchronous parallel data inputs (Pg to P3), two synchronous serial data inputs (J, K), a synchronous 
parallel enable input (PE), buffered parallel outputs from all 4-bit positions (Og to 03), a buffered 
inverted output from the last bit position (03) and an overriding asynchronous master reset input 
(MR). Each register stage is of a D-type master-slave flip-flop. 

Operation is synchronous (except for MR) and is edge-triggered on the LOW to HIGH transition of the 
CP input. When PE is LOW, data are loaded into the register from Pg to P3 on the LOW to HIGH 
transition of CP. When PE is HIGH, data are shifted into the first register position from J and K and all 
the data in the register are shifted one position to the right on the LOW to HIGH transition of CP. 
D-type entry is obtained by interconnecting J and K. 7 

When J is HIGH and K is LOW, the first stage is in the toggle mode. When J is LOW and K is HIGH, the 
first stage is in the hold mode. 23 

A LOW on MR resets all four bit positions (Og to 03 = LOW, O03 = HIGH) independent of all other 
input conditions. 


7Z69826.3 
Fig. 1 Functional diagram. 


HEF40195BP : 16-lead DIL; plastic (SOT-38Z). 
HEF40195BD: 16-lead DIL; ceramic (cerdip) (SOT-74). 
HEF40195BT : 16-lead mini-pack; plastic 

(SO-16; SOT-109A). 


7269827 


Fig. 2 Pinning diagram. 


FAMILY DATA 
i see Family Specifications 
IDp LIMITS category MSI 
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4-bit universal shift register HEF 40195B 


MSI 


PINNING 

PE parallel enable input (active LOW) 

Pg to P23 parallel data inputs 

J first stage J-input (active HIGH) 

K first stage K-input (active LOW) 

CP clock input (LOW to HIGH edge triggered) 
MR master reset input (active LOW) 


Og to O32 buffered parallel outputs 


03 buffered inverted output from last stage 


FUNCTION TABLE 


operating mode 


H Li: L x x x 

H L H xX x Xx 
shift mode 4 4 L XY Xx X 

H H H X XX 
parallel entry mode L xX x L L. L 

x x H H H 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 

th + 1 =State after next LOW to HIGH transition of CP 
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A.C. CHARACTERISTICS 


typical extrapolation 
formula 


Propagation delays 


CP —» O, 105 215 ons | 78ns+ (0,55 ns/pF) Cy 
HIGH to LOW tPpHL 50 95 ns 39 ns + (0,23 ns/pF) Cy 
15 35 65 ns 27 ns + (0,16 ns/pF) Cy 
5 90 180 os 63 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 |tpry 45 85 ons 34 ns + (0,23 ns/pF) Cy 
15 30 60 ons 22 ns + (0,16 ns/pF) Cy 
CP —» 03 5 : 126 255 ns , 98ns+ (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy, 50 100 ns 39 ns + (0,23 ns/pF) Cy 
15 35 70 sons 27 ns + (0,16 ns/pF) Cy 
5 120 240 as 93 ns + (0,55 ns/pF) Cy. 
LOW to HIGH 10 | tpry 50 105 ns 39 ns + (0,23 ns/pF) Cy 
15 35 75 ons 27 ns + (0,16 ns/pF) Cy 
MR —®» O, 5 100 205 = os 73 ns + (0,55 ns/pF) Cy 
HIGH to LOW 10 | tpyy 45 90 —sns 34 ns + (0,23 ns/pF) Cy 
15 30 65 ns 22 ns + (0,16 ns/pF) Cy 
5 125 235 ons 98 ns + (0,55 ns/pF) Cy 
LOW to HIGH 10 | tpty 55 115° ns 44 ns + (0,23 ns/pF) Cy 
15 40 85 ns 32 ns + (0,16 ns/pF) Cy 
Output transition | 

times 5 60 120 ns 10 ns + (1,0 ns/pF) Cy 
HIGH to LOW 10 | trHe 30 60 ~=ns 9 ns + (0,42 ns/pF) Cy 
15 20 40 ns 6 ns + (0,28 ns/pF) Cy 

5 60 120 ons 10 ns + (1,6 ns/pF) Cy 
LOW to HIGH 10 | tTLH 9 ns + (0,42 ns/pF) Cy 


6 ns + (0,28 ns/pF) Cy 
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4-bit universal shift register HEF 40195B 
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A.C. CHARACTERISTICS 


Set-up times ns 
J, K —®» CP 10 ns 
15 ns 
5 ns 
Py, — cP 10 ns 
15 ns 
5 ns 
PE —®* cP 10 ns 
15 ns 
Hold times 5 ns 
J, K —» CP 10 ns 
15 ns 
5 ns 
15 ns see also waveforms 
5 ve | Figs 4 and 5 
PE -—®» CP 10 ns 
15 ns 
Minimum clock 5 ns 
pulse width; LOW 10 ns 
15 ns 
Minimum MR 5 ns 
pulse width; HIGH} 10 ns 
15 ns 
Recovery time 5 ns 
for MR 10 ns 
15 ns | 
Maximum clock 5 MHz 
pulse frequency 10 MHz 
15 MHz 
VDD typical formula for P (uW) WneTE 
V f; = input freq. (MHz) 
ae Paes i fg = output freq. (MHz) 
Dynamic power 5 1900 f, + X(fyC,) x VoD’ C,_ = load capacitance (pF) 
dissipation per 10 8300 fj + Z(foC_) x VoD? X(f>C,_) =sum of outputs 
package (P) 15 | 22800 f+ LifoC,) x Vpp’ Vpp = supply voltage (V) 
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Fig. 4 Waveforms showing set-up times, hold times for J, K and Py inputs; minimum MR pulse width, MR to output delays and MR to CP 
recovery time; minimum CP pulse width and CP to output delays. Set-up and hold times are shown as positive values but may be specified as 
negative values. 
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Fig. 5 Waveforms showing set-up and hold times for PE input. Set-up and hold times are shown as 
positive values but may be specified as negative values. 


APPLICATION INFORMATION 
Some examples of applications for the HEF40195B are: 


@® Serial data transfer 

® Parallel data transfer 

@ Serial to parallel data transfer 
@ Parallel to serial data transfer 
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buffers 


OCTAL BUFFERS WITH 3-STATE OUTPUTS 


The HEF40240B is an octal inverting buffer with 3-state outputs. It features output stages with high 
current output capability suitable for driving highly capacitive loads. 


The 3-state outputs are controlled by the output enable inputs EOq and EOg.A HIGH on EO causes 
the outputs to assume a high impedance OF F-state. The device also features hysteresis on all inputs to 


improve noise immunity. 


Schmitt-trigger action in the inputs makes the circuit highly tolerant to slower input rise and fall times. 
The HEF40240B is pin and functionally compatible with the TTL‘240’ device. 


7Z86699 


Fig. 1 Functional diagram. 


FAMILY DATA | 


IDp LIMITS category buffers 


HEF40240B 


la3 | 6 | 133 


7286700 


Fig. 2 Pinning diagram. 


HEF40240BP : 20-lead DIL; plastic (SOT-146). 
HEF40240BT : 20-lead mini-pack ; plastic 
(SO-20; SOT-163A). 


PINNING 


lai tolag inputs 
IB1 tolp,4 
Oni to Ong 
tout 
On; tops bus outputs 
EO, EOg output enable inputs (active LOW) 


see Family Specifications 
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TRUTH TABLE 


H = HIGH state (the more 
positive voltage) 

L = LOW state (the less 
positive voltage) 

X = state is immaterial 


128610) Z = high impedance off 
state 
Fig. 3 Logic diagram (one buffer). 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
See Family Specifications except for: 
D.C. current into any input tty max. 10 mA 
D.C. source or sink current into any output 216 max. 25 mA 
D.C. current into the supply terminals oe max. 100 mA 
D.C. CHARACTERISTICS 
Vss=O0V 
Vpop| VoH}| VoL Tamb (°C) 
parameter symbol +25 + 85 unit 
min. typ. i 
Output current 1 10,0 24,0 
HIGH 15,0 46,0 
| 20,0 62,0 
Output current 06 1,2 
HIGH 1,5 3,0 
15,0 50,0 
Output current 2,3 5,4 
| LOW 7,6 17,0 
| 25,0 45,0 
Hysteresis — 220,0 
voltage — 250,0 
(any input) -— 320,0 


September 1982 


Octal buffers with 3-state outputs HEF 40240B 
buffers 


(1) P-channel MOS transistor conducting. 
(2) P-channel MOS transistor and bipolar 
n-p-n transistor conducting. 


(Vpp —VoH) (V) 


VDD 
| P 
| O 
=e 
Vss 
Heooese 7285534 
Fig. 4 Typical output source current characteristic. Fig. 5 Schematic diagram of output stage. 


A.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; input transition times < 20 ns 


all buffers switching im typical formula for P (uW) 


4250 f, + © (foCL) x Vpp’ 
17 000 f+ D (fgCL) x Vpp? 
46 000 f; +E (fgCL) x Vpp? 


where 

f; = input freq. (MHz) 

fg = output freq. (MHz) 

CL = load capacitance (pF) 
2 (fC) = sum of outputs 
VpDp = supply voltage (V) 


Dynamic power 
dissipation per 
package (P) 
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A.C. CHARACTERISTICS 
Vss = OV; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 


| Vpp ’ : typical extrapolation 


Propagation delays 


A, —»> By 5 95 190 ns | 83ns+ (0,24 ns/pF) Cy 
HIGH to LOW ; 10 tPHL 40 80 ns {| 35ns+ (0,10 ns/pF) Cy 
15 30 60 ns { 26ns+ (0,07 ns/pF) Cy 
An —®» By 5 85 170 ons | 82ns+ (0,06 ns/pF) Cy 
LOW to HIGH | 10 tPLH 40 80 ns | 38ns + (0,03 ns/pF) Cy 
15 30 60 ns 29 ns + (0,02 ns/pF) Cy 

Output transition 5 40 80 ns 

times 10 tTHL 20 40 sons 

HIGH to LOW | 15 15 30 ~=—o ns 
see Fig. 6 
5 30 60 ~=ns | 
15 15 30 ~=ons 


LOW to HIGH 10 tTLH 20 40 ns 
| 3-state propagation 


delays 

Output disable times 
EO —» Ap, By 5 70 
HIGH 10 =| tpy7 | 35 
15 30 
5 75 
LOW 10 tpLZ 40 
15 30 

Output enable times 
EQ" A, Be 5 80 
HIGH 10 tp7H 35 
15 30 
5 90 
LOW 10 tpZ7L 40 
| 15 30 
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Fig. 6 Output transition times as a function of the load capacitance. 
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OCTAL BUFFERS WITH 3-STATE OUTPUTS 


HEF 40244B 


buffers | 


The HEF40244B is an octal non-inverting buffer with 3-state outputs. It features output stages with 
high current output capability suitable for driving highly capacitive loads. 


The 3-state outputs are controlled by the output enable inputs EOa and EOp. A HIGH on EO causes 
the outputs to assume a high impedance OF F-state. The device also features hysteresis on all inputs to 


improve noise immunity. 


Schmitt-trigger action in the inputs makes the circuit highly tolerant to slower input rise and fall times. 
The HEF40244B is pin and functionally compatible with the TTL ‘244’ device. 


7283579.1 


Fig. 1 Functional diagram. 


FAMILY DATA | ay eet 
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Fig. 2 Pinning diagram. 


HEF40244BP : 20-lead DIL; plastic (SOT-146). 
HEF40244BT : 20 lead mini-pack; plastic 


(SO-20; SOT-163A). 


PINNING 
la i to lag | 
inputs 
lpi tolpa | 
Oni to Ong | 
bus outputs 
Opi to Op4 J : 
EOa, EOp output enable inputs (active LOW) 
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TRUTH TABLE 


H = HIGH state (the more 
positive voltage) 

L = LOW state (the less 
positive voltage) 

X = state is immaterial 

Z = high impedance off state 


7285535 


Fig. 3 Logic diagram (one buffer). 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134). 


See Family Specifications, except for: 


D.C. current into anv input +1) max. 10 mA 
D.C. source or sink current into any output +lQ max. 25 mA 
D.C. current into the supply terminals | + | max. 100 mA 


D.C. CHARACTERISTICS 
Vss =O V | 


Output current 
HIGH 


Output current 
HIGH 


Output current 
LOW 


Hysteresis 
voltage 
(any input) 
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Octal buffers with 3-state outputs HEF40244B 
buffers 


V = 
(VpD— Vou) (V) (1) P-channel MOS transistor conducting. 


= eh a 2 0 (2) P-channel MOS transistor and bipolar 
H+ aH n-p-n transistor conducting. 
NN ae anata 
vs ~~ | 

Voo= STA | ae 
ee Ae ee 
Pe 7 a i a Ge V 
To vA tH DD 
[es THOR apt 
Ce UA ele tt —50 
ne 4p Am Perales Hiatal , | p 
Peep esa Op alee 
Beye yale eae Te Plat 0 
A Pte ode shed fico [alse dlls Pech all a | 
Seen e OR Ree 
ERPs See ees N 
Steser area teeeeteeel : ' 
PEEP EEEEEEEH (mal = 
SERRE ERMA 7Z85534 
7285536 

Fig. 4 Typical output source current characteristic. Fig. 5 Schematic diagram of output stage. 


A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 OC; input transition times < 20 ns 


all buffers 
switching 


where 

f; = input freq. (MHz) 

fy = output freq. (MHz) 

Dynamic power 4 250 fj + X(foCL) x Vpp’ C, = load capacitance (pF) 
dissipation per 17 000 fj + Z(foCy) x Vpp’ X(f5C,_) = sum of outputs 
package (P) 46 000 fj + 2(foCL) x Vpp? Vpp = supply voltage (V) 


typical formula for P (uW) 
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HEF40244B 


_ buffers 


A.C. CHARACTERISTICS | 
Vss =0 V; Tamb = 25 OC; CL. = 50 pF; input transition times < 20 ns 


VppD : typical extrapolation 7 
Vy symbol min. typ. max. aoe 
es cal ialiinidid eile Sania 
Propagation delays | | | 
An —* Br 5 95 190 ns ; 83 ns + (0,24 ns/pF) Cy 
HIGH to LOW 10 tPpHL 40 80 ns | 35ns + (0,10 ns/pF) Cy 
15 30 ~=3=~—s«S 30 ns | 26 ns + (0,07 ns/pF) Cy 
| An —® Bn 5 85 170 ns | 82ns+(0,06 ns/pF) Cy 
| LOW to HIGH | 10 tPLH 40 80 ns | 38ns + (0,03 ns/pF) Cy 
15 30 60 ns | 29ns+ (0,02 ns/pF) Cy 
Outnut transition I 40 80 ns | 
| times 10 | tTHL | 20 40 ns 
| HIGH to LOW | 15 | 15 30 ns | 
5 | 30 60 ae see Fig. 6 
LOW to HIGH 10 tTLH 20 40 ns 
o 1b os}. 15 30 ns 
3-state propagation 
delays 
Output disable times | 
EO —® An, By 5 | 70 140 ns 
HIGH 10 tpHZ | 35 70 ns 
15 30 60 ns 
5 | 75 150 os | 
LOW 10 tPLZ 40 80 ns | 
7 15 30 60 ns | | 
Output enable times | | 
HIGH 10 tp7H 35 70 ns 
30 60 ns 
90 180 ns 
tp71 40 80 ns 
30 60 ns 
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Octal buffers with 3-state outputs HEF 40244B 
buffers 


Cy (pF) 104 


Fig.6 Output transition times as a function of the load capacitance. 
tTLH: — —— —tTHL- 
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HEF 40245B 
buffers 


OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUTS 


The HEF 40245B is an octal bus transmitter/receiver designed for 8-line asynchronous, 2-way data 
communication between data buses. It features output stages with high current output capabyity 
suitable for driving highly capacitive loads. 


The direction input (DR) controls transmission of data from bus A to bus B, or bus B to bus A, 
depending on its logic level. The 3-state outputs are controlled by the enable input EO. A HIGH on 

EO causes the outputs to assume a high impedance OF F-state. The device also features hysteresis on 

all inputs to improve noise immunity. 

Schmitt-trigger action in the inputs makes the circuit highly tolerant to Sewierit input rise and fall times. 


The HEF40245B is pin and functionally compatible with the TTL ‘245’ device. 


PINNING 3 | 
Ag to A7 data input/output 


Bo to B7 data input/output 
DR direction input 
EO _ output enable input (active LOW) 


HEF40245BP : 20-lead DIL; plastic (SOT-146). 
HEF40245BT : 20-lead mini-pack:; plastic 
(SO-20: SOT-163A). 


7283580 


Fig. 1 Pinning diagram. | [_ Xx _t | (Bx) 
- 7285532 
Fig. 2 Logic diagram; for functional diagram see Fig. 3. 
FAMILY DATA 


aie see Family Specifications. 
Ipp LIMITS category buffers | 
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HEF40245B 
buffers 


ib 
Ee 


7 
3] A1 S Bi 147 


Bo 116 
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FUNCTION TABLE 


inputs/outputs 
wont | 


m7 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 

X = state is immaterial 

Z = high impedance OF F-state 


(Vpp — Vow) (Vv) 


a, —1 0 
SS0000000000>—— oon 
7 CCT AT A 
a é Aunleenn 

yay 
7A ee 
Zona nese 
i 
SaBen aeeHe 
Gi 
GT 
ee aaa 

i 
a 

i 
Eee easel ose 
Bis eeiceialaia 
COCA TT ton 
Soe ae emma rare 
on a 
|e 


(1) P-channel MOS transistor conducting. 
(2) P-channel MOS transistor and bipolar 
n-p-n transistor conducting. 


Fig. 4 Typical output source current characteristic. 


VDD 
74> 
O 
is 
VSS 
7285534 


Fig. 5 Schematic diagram of 
output stage. 


Fig. 3 Functional diagram. 


Octal bus transceiver with 3-state outputs 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 
See Family Specifications, except for: 

D.C. current into any input 

D.C. source or sink current into any output 


D.C. current into the supply terminals 


D.C. CHARACTERISTICS 


HEF40245B 
buffers 


+ I max. 


+ lo max. 


10 mA 
25 mA 


+ | max. 100 mA 


Vos =O V 
ee a Tog) 
V/ V Vv symbol a0 +25 
| min. max.|min. typ. max. 
Output current | 5 | 46 | 0,75 0,6 1,2 
HIGH | 10 | 9,5 —-loH | 1,85 15 3,0 
1511355 14,5 15 50 
Output current | 5 | 3,6 93 10 24 
HIGH | 10 | 84 —loH | 14,4 15 46 
| 15> 13.2 19,5 20 62 
Output current 5 0,4 2,9 2,3 54 1,75 
LOW 10 05 ilo 9,5 | 7,6 #17 5,50 
15 
Hysteresis 5 
voltage 10 
(any input) 15 
3-state 
input/output 


leakage current; 15 
pins A, or By 


* Relevant output in OFF-state; Ay at Vgs or Vpp; Bp at Vss or Vpp. 
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mA 
mA 


HEF40245B 


buffers 


A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 OC; Cy = 50 pF; input transition times < 20 ns 
smbel | min ies. Gar typical extrapolation 


formula 


pe a a ho a ce re ee nn tt a 2h ee arlene ae ere esse ttanemenmmnmeane: 


Propagation delays 
An - Bh 
HIGH to LOW 


95 190 ns | 83ns+ (0,24 ns/pF) Cy 
40 80 ns | 35ns + (0,10 ns/pF) Cy 
30 60 ns | 26 ns + (0,07 ns/pF) Cy. 


85 170 ns | 82ns + (0,06 ns/pF) Cy 


| 

| 

| 

An —®» Bn | 
| tPLH 40 80 ns | 38ns + (0,03 ns/pF) Cy 

! 


| LOW to HIGH 
| 30 60 ns | 29ns+ (0,02 ns/pF) Cy, 
Output transition 40 80 ons | 
times tTHL 20 40 ns 
HIGH to LOW | 15 30. =3=ns 
30 60 7 see Fig. 6 
LOW to HIGH tTLH 20 40 os 
| 15 30 =—ons 
| 3-state propagation 
delays 
Output disable times 
EO —® An, Bn 100 200 ns 
HIGH tpy7 50 100 ns 
40 80 ns 
LOW 


Output enable times 
HIGH 


| | 100 200 ns 
tpLz 60 120 ns | 
50 100 ns | 
100 200 ns 
tp7y 45 90 ns | 
35 70 sons 
115 230 ns 
tpZ7 55 110 ~~ ons 
45 90 _ ~=ns 


where 
f; = input freq. (MHz) 
fo = output freq. (MHz) 


all buffers 


Switching typical formula for P (uW) 


4 250 f, + Z(foCL) x Vpp’ C,. = load capacitance (pF) 
17 000 fj + Z(foCy) x Vpp’ 2 (fC) = sum of outputs 
46 000 fj + Z(fyCL_) x Vpp’ Vpp = supply voltage (V) 


Dynamic power 
dissipation per 
package (P) 


824 November 1981 


Octal bus transceiver with 3-state outputs HEF40245B 
buffers 


7Z85537.1 
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Fig. 6 Output transition times as a function of the load capacitance. 
tTLH:— — —— tTHL- 
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HEF40373B 
MSI 


OCTAL TRANSPARENT LATCH WITH 3-STATE OUTPUTS 


The HEF40373B is an 8-bit transparent latch with 3-state buffered outputs. The output stages have 

high current output capability suitable for driving highly capacitive loads. The latch outputs follow the 
data inputs when the latch enable (E) is HIGH. When E is LOW, the data that meets the set-up times is 
latched. The 3-state outputs are controlled by the output enable input EO. A HIGH on EO causes the 
outputs to assure a high impedance OF F-state. The device features hysteresis on the E input to 

improve noise rejection. 

Schmitt-trigger action in the E input makes the circuit highly tolerant to slower input rise and fall times. 


The HEF40373B is pin and functionally compatible with the TTL ‘373’ device. 
Supply voltage range: 3 to 15 V. 


| 7283575 
Fig. 1 Functional diagram. 


| 7283574 
Fig. 2 Pinning diagram. 


HEF40373BP : 20-lead DIL; plastic (SOT-146). 
HEF40373BT : 20-lead mini-pack; plastic 
PINNING (SO-20; SOT-163A). 


Dg te D7 ~~ data inputs 

a latch enable input 

EO output enable input (active LOW) 
QgtoO7 3-state buffered outputs 


FAMILY DATA | 
~ gee Family Specifications 
Ipp LIMITS category MSI | 
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Og 07 O2 03 04 Os 06 O7 
7Z285530.1 


Fig. 3 Logic diagram. 


CP 7285533.1 


Fig. 4 Logic diagram (one latch). 


Octal transparent latch with 3-state outputs HEF40373B 
MSI 


FUNCTION TABLE 


operating modes mips internal outputs 
E Dy register Og to O7 

H L L L 
enable & read register 4 r 4 4 
L | L L 
latch & read register L h 7 4 
latch register & L L Z 
disable outputs L h H Z 


H = HIGH state (the more positive voltage) 

h = HIGH state (one set-up time prior to the HIGH-to-LOW enable transition) 
L = LOW state (the less positive voltage) 

| = LOW state (one set-up time prior to the HIGH-to-LOW enable transition) 
Z = high impedance OF F-state 
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HEF40373B 
MSI 


RATINGS | 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


See Family Specifications, except for: 


D.C. current into any input He ly max. 10 mA 
D.C. source or sink current into any output *+lq max. 25 mA 
D.C. current into the supply terminals + | max. 100 mA 


D.C. CHARACTERISTICS 
Vss =O V 


Output current 
HIGH 10 


Output current 5 
HIGH 10 
15 
Output current 5 
LOW 10 
15 
Hysteresis 5 
voltage at 10 
—p enable input (E)} 15 
(Vpp- VOH) (V) (1) P-channel MOS transistor conducting. 
—2 — 1 0 (2) P-channel MOS transistor and bipolar 
+H} 0 n-p-n transistor conducting. 
Zaps 
lA YW 
“1 Y | 
rV we 
J \/\_ | | | 
A | | | 
Alli ll Vy 
ff DD 
ree. _50 
ce + 
Page cae j 
eae CET] _ 75 O 
Eaee | | 
heal cle tlc Pie IOH | N 
eee ae (mA) 
Pale Neale | & mn . Vss 
els CLT} _ 100 
7Z85536 7Z85534 
Fig. 5 Typical output source current characteristic. Fig. 6 Schematic diagram of output stage. 
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Octal transparent latch with 3-state outputs | HEF40373B 
MSI 


A.C. CHARACTERISTICS 
Vss =0 Vi Tamb = 29 OC; Cy = 50 pF; input transition times < 20 ns 


a VDD | ; | | typical extrapolation 
Vv | symoo min. typ. max. Pea 


Propagation delays 
E —» On 5 150 300 138 ns + (0,24 ns/pF) Cy 
HIGH to LOW 10 | tpHy 60 120 ns | 59ns + (0,01 ns/pF) Cy 
15 40 80 ns | 36ns + (0,07 ns/pF) C1. 
E —» On, 5 125 250 ns f122ns + (0,06 ns/pF) Cy 
LOW to HIGH 10 tPLH 50 100 ns | 48ns + (0,03 ns/pF) Cy 
15 40 80 ns | 39ns + (0,02 ns/pF) Cy 
Output transition 5 40 80  ~=ons 
times 10 tTHL 20 40 ns | 
HIGH to LOW 15 15 30 ons 
see Fig. 7. 
5 30 60 ons 
LOW to HIGH 10 tTLH 20 40 ~=ns 
15 15 30 2ons 
3-state propagation 
delays 
Output disable times 
EQ —e 0, 5 65 130 os | 
HIGH 10 tpHZ 30 60 ~=ns 
15 25 50 =o ns 
5 75 150 ~~ ns 
LOW 10 tp, 7 40 80 ~—ons 
15 30 60 ons 
Output enable times 
EO —~ 0, 5 65 130 = &2ns 
HIGH 10 tp7y 30 60 ons 
15 25 50. 2ons 
5 85 170 os 
LOW 10 tpZ 1 35 70 ~2ns 
15 25 50 ons 
Set-up time 5 15 7 ns 
Dye E 10 tsy 10 5 ns 
15 10 5 ns 
Hold time 5 25 15 ns 
Dyn—® E 10 thold 15 4 ns 
15 10 3 ns 
Minimum latch enable 5 60 30 ns 
pulse width LOW 10 tWEL 30 15 ns 


15 20 10 ns 
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HEF 40373B 
MSI 


A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 OC; input transition times < 20 ns 


where 
f; = input freq. (MHz) 

f, = output freq. (MHz) 
C,_ = load capacitance (pF) 
2X (fgC,_) = sum of outputs 
VDD = supply voltage (V) 


typical formula for P (uW) 


Dynamic power 
dissipation per 
package (P) 


3325 fj + X(foCL) x Vpp? 
14 200 fj + Z(foCL) x Vpp’ 
37425 £, + U(foC_) x Vpn? 


wail) 
15V 
ihiiianivaar " 


CTA 
eo eh rae eel a 20 oe ee er al ee maarince 4 
SG Ds eee es oe os EG ee nn 4 a 


Fig. 7 Output transition times as a function of the load capacitance. 


tTLH? - —-— —tTHL- 
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HEF40374B 
Ms! 


OCTAL D-TYPE FLIP-FLOP WITH 3-STATE OUTPUTS ; 


The HEF40374B is an octal D-type flip-flop with 3-state buffered outputs with a common clock input 
(CP). The device is used primarily as an 8-bit positive edge-triggered storage register for interfacing with 
a 3-state bus. Data on the D-inputs is transferred to storage during the LOW-to-HIGH transition of the 
clock (CP) input. The 3-state output buffers are controlled by an active LOW output enable input (EO). 
A HIGH on EO forces the eight outputs to a high impedance OFF-state. When EO is LOW, the data in 
the register appears at the outputs. 


The output stages have high current output capability suitable for driving highly capacitive loads. 
The device features hysteresis on the CP input to improve noise rejection. 
Schmitt-trigger action in the E input makes the circuit highly tolerant to slower input rise and fall times. 


The HEF40373B is pin and functionally compatible with the TTL ‘374’ device. 
Supply voltage range: 3 to 15 V. 


7Z83577 
Fig. 1 Functional diagram. 

PINNING PEI One 
Do toD7 = data inputs Fig. 2 Pinning diagram. 
CP clock input 
EO output enable input (active LOW) : HEF40374BP : 20-lead DIL; plastic (SOT-146). 
Og toO7 #8 3-state buffered outputs HEF40374BT : 20-lead mini-pack ; plastic 

| (SO-20; SOT-163A). 
FAMILY DATA 


= Family Specifications 
Ipp LIMITS category MSI 
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HEF 40374B 


Octal D-type flip-flop with 3-state outputs 
MSI 


FUNCTION TABLE 


operating modes internal outputs 
register Og to O7 
L L 
load & read register 7 ‘ 


Z 
co 1 | f he : Z | 


H = HIGH state (the more positive voltage) 

h = HIGH state (one set-up time prior to the 
LOW-to-HIGH clock transition) 

L_ = LOW state (the less positive voltage) 

| = LOW state (one set-up time prior to the 
LOW-to-HIGH clock transition) 

Z = high impedance OF F-state 

J = LOW-to-HIGH clock transition 
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RATINGS | : ce 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


See Family Specifications, except for: 


D.C. current into any input ie eed arr +l; max. 10 mA 
D.C. source or sink current into any output | *+lo max. 25 mA 


D.C. current into the supply terminals | _ a4 max. 100 mA 


D.C. CHARACTERISTICS 


Output current 5 

HIGH 10 
15 | 

Output current 5 

HIGH 10 

15 

Output current 5 

LOW 10 

15 

Hysteresis 5 

voltage at 10 

clock input (CP); 15 


| (1) P-channel MOS transistor conducting. 
0 _ _ (2) P-channel MOS transistor and bipolar 


) 0 n-p-n transistor conducting. 

—25. 
E 
a =o 

OH 

(mA) 
es cee | —100 

7Z85534 


Fig. 4 Typical output source current characteristic. Fig. 5 Schematic diagram of output stage. 
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Octal D-type flip-flop with 3-state outputs | HEF 40374B 


MSI 
A.C. CHARACTERISTICS 
Vss =0 V; Tamb = 25 °C; Cy = 50 pF; input transition times < 20 ns 
a VppD | ae | Bae, de tc | typical extrapolation | 
| Vv symbo . typ. max. | Eeeeetar | 
fn tt ee snipe tenet aes Rost teense asa Seema nat ahs stan outreach MLS SI BE ee ar Bg Fa A Ml laa NE hel Be pet cle ace eS a a i a ee et 
Propagation delays | ! 
cP — 0, 5 | 125 250 ns 113ns+(0,24ns/pF) Cy 
! HIGHto LOW | 10 | tpHL | 55 86110 «ons, 54 ns + (0,01 ns/pF) Cy 
15 | | 40 80 ns | 36ns + (0,07 ns/pF) Cy 
CP —» O, | 5 | 125 250 ns  122ns + (0,06 ns/pF) C, 
LOW to HIGH |; 10 ipl 55 110 ns - | 53ns + (0,03 ns/pF) Cy 
; 15 | | 40 80 ns 39ns+(0,02ns/pF) CL 
Output transition [| 5 | | 40 80 ns | | 
times | 10 tTHL 20 40 ns | 
HIGHto LOW | 15 | 15 30 ns | a 
| 5 — | 30 60 ns | acs 
LOWto HIGH , 10 | tTpH 20 40 ns | 
(15 ! 15 30 ns | 
3-state propagation | | | 
delays | ! | 
Output disable times | | : | 
EO —» O, 5 Eo 60 120 ns | 
HIGH 10 tpH7 30 60 ns | 
15 _ 24 48 ns | 
5 : 70. 140 ns 
LOW / 10 tpLZ 35 70 ns | | 
15 | : 30 60 ns | 
| Output enable times | ! | | | 
| EO —» O, | & | ! 65 130 ns | | 
HIGH 10 tp7H 30 60 ns | | | 
15 | | 24 48 ns | 
aoe : 8 170 ns | | 
LOW | 10 tp7, 35 70 ons | 
15 | 25 50 ons | 
Set-up time 5 20 0 ns | | | 
Dy —> CP | 10 | tyy 20 2 ns ! 
| 15 | 20 5 ns | 
Hold time 5 | 20 10 ns | 
Dy —*» CP / 10 thold 15 2 ns 
15 10 0 ns | 
Minimum clock 5 | 50 25 ns | 
pulse width; LOW 10 tWCPL 25 12 ns | 
15 20 +10 ns | 
Maximum clock 5 ; / 25 5 MHz | | 
pulse frequency 10 frnax 6 12 . MHz | 


Ee 
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HEF40374B 
MSI | 


A.C. CHARACTERISTICS | 
Vss = 0 V; Tamb = 25 °C; input transition times < 20 ns 


where 
fj = input freq. (MHz) 


Se eee a ee a ee fy = output freq. (MHz) 
Dynamic power 5 


dissipation per 10 
package (P) _ 15 


typical formula for P (uW) 


3775 f+ LifgCL) x Vop’ C, = load capacitance (pF) 
15 700 f| + Z(foC_) x Vpp’ X(foC,) = sum of outputs 
40575 f+ LifgC_) x Vpp’ VDD = supply voltage (V) 


aoa 7Z85537.1 


CRU ae 


| N 


103 Cy (pF) 4 


Fig. 6 Output transition times as a function of the load capacitance. 
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Singapore: PHILIPS PROJECT DEV. (Singapore) PTE LTD., Elcoma Div., Lorong 1, Toa Payoh, SINGAPORE 1231, Tel. 3502000. 
South Africa: EDAC (PTY.) LTD., 3rd Floor Rainer House, Upper Railway Rd. & Ove St., New Doornfontein, JOHANNESBURG 2001, Tel. 614-2362/9. 
Spain: MINIWATT S.A., Balmes 22, BARCELONA 7, Tel. 30163 12. 
Sweden: PHILIPS KOMPONENTER A.B., Liding6vagen 50, S-11584 STOCKHOLM 27, Tel. 08/7821000. 
Switzerland: PHILIPS A.G., Elcoma Dept., Allmendstrasse 140-142, CH-8027 ZURICH, Tel. 01-48822 11. 
Taiwan: PHILIPS TAIWAN LTD., 150 Tun Hua North Road, P.O. Box 22978, TAIPEI, Taiwan, Tel. 7120500. 
Thailand: PHILIPS ELECTRICAL CO. OF THAILAND LTD., 283 Silom Road, P.O. Box 961, BANGKOK, Tel. 233-6330-9. 
Turkey: TURK PHILIPS TICARET A.S., Elcoma Department, Inénii Cad, No. 78-80, P.K.504, 80074 ISTANBUL, Tel. 4359 10. 
United Kingdom: MULLARD LTD., Mullard House, Torrington Place, LONDON WC1E 7HD, Tel. 01-5806633. 
United States: (Active Devices & Materials) AMPEREX SALES CORP., Providence Pike, SLATERSVILLE, R./. 02876, Tel. (401) 762-9000. 
(Passive Devices) MEPCO/ELECTRA INC., Columbia Rd., MORRISTOWN, N.J. 07960, Tel. (201) 539-2000. 
(Passive Devices & Electromechanical Devices) CENTRALAB INC., 5855 N. Glen Park Rd., MILWAUKEE, WI 53201, Tel. (414)228-7380. 
(IC Products) SIGNETICS CORPORATION, 811 East Arques Avenue, SUNNYVALE, California 94086, Tel. (408) 991-2000. 
Uruguay: LUZILECTRON S.A., Avda Uruguay 1287, P.O. Box 907, MONTEVIDEO, Tel. 914321. 
Venezuela: IND. VENEZOLANAS PHILIPS S.A., c/o MAGNETICA S.A., Calle 6, Ed. Las Tres Jotas, App. Post. 78117, CARACAS, Tel. (02) 2393931. 


For all other countries apply to: Philips Electronic Components and Materials Division, International Business Relations, P.O. Box 218, 
5600 MD EINDHOVEN, The Netherlands, Telex 35000 phtcni 
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